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THE  DECOMPOSITION  POTENTIALS  OP  COORDINATION  COMPOUNDS 


OP  ALUMINUM  .BROMIDE  IN  THE  MOLTEN  STATE* 


E.  Ya.  Gorenbein  and  M..A.  Abromova 

Institute  of  General  and  Inorganic  Chealstry.  Ukrainian  Acadeny  of  Beienoes,  “KieT 


The  electrochemical  investigations  of  Y. A. Plotnikov  and  his  associates  [i] 
on  ternary  systems  consisting  of  aluminum  bromide,  halides  of  metals  of  Groups 
I  and  Y  of  the  periodic  system,  and  an  organic  solvent  have  shown  that  for  benzene, 
toluene,  xylene,  ethyl  bromide,  and  ethylene  bromide  solutions  of  aliunlnum  brom¬ 
ide  and  the  halide  of  the  alkali  metal,  the  decomposition  potential  of  these  sys¬ 
tems  is  close  to  the  decomposition  potential  of  aluminum  bromide.  Metallic  alum¬ 
inum  is  deposited  on  the  cathode  during  the  electrolysis  of  these  systems.  When 
solutions  of  AlBra  (in  an  organic  solvent),  which  also  contain  halides  of  a  metal 
of  Group  Y  of  the  periodic  system,  either  copper  or  silver,  are  electrolyzed,  the 
corresponding  metal  is  deposited  on  the  cathode,  depending  on  the  composition  of 
the  system. 

Nitrobenzene  [2]  and  nltromethane  [3]  solutions  of  aluminum  bromide  and 
halides  of  the  alkali  metals  behave  quite  differently.  When  these  solutions  are 
electrolyzed,  the  alkali  metal  is  deposited  on  the  cathode,  no  matter  what  the 
concentrations  of  the  components  of  the  system. 

Ya.  P.  Mezhenny  [4],  in  a  study  of  the  decomposition  potentials  of  lithium 
or  sodium  chloride  in  an  ethyl  bromide  solution  of  aluminum  bromide,  discovered 
that  the  decomposition  potentials  of  the  above  halides  of  the  alkali  metals  ex¬ 
ist,  in  addition  to  the  decomposition  potential  of  AlBra. 

The  systematic  researches  of  S.I.  Yakubson  [s]  on  the  decomposition  poten¬ 
tials  of  ternary  systems  —  halides  of  the  alkali  metals,  aluminum  bromide,  and 
various  organic  solvents  -  as  functions  of  the  concentration  of  the  constituents 
have  shown  that  when  the  molecular  ratio  of  the  MeHd  (MeLl,  Na,  K)  to  the  AlBra 
ranges  from  O.5  to  0.6,  only  one  inflection  is  found  in  the  I  —  Y  curve,  corres¬ 
ponding  to  the  decomposition  potential  of  aluminum  bromide.  As  the  concentration 
of  the  alkali  metal  halide  is  Increased  still  further,  i.e.,  starting  with  a  mole¬ 
cular  ratio  of  the  MeHd  to  AlBra  of  from  0.6  to  1,  there  are  two  Inflexions  on 
the  I  —  Y  curve,  the  second  one  representing  the  alkali  metal  halide.  With  equi- 
molecular  ratios  of  these  salts,  only  the  second  potential  is  present,  correspond¬ 
ing  to  the  decomposition  potential  of  the  alkali  metal  halide. 

S.I. Yakubson  and  M. A. Abramov  [e]  established  the  existence  of  two  decomposi¬ 
tion  potentials  for  LlHd  —  AlBrs  solutions  in  benzene,  toluene,  and  ethylene  brom¬ 
ide,  the  first  corresponding  to  the  deposition  of  aluminum,  and  the  second  to 

•This  research  was  conplered  before  the  war  (in  1910),  and  had  to  be  reprated  because  of  its  loss  during  the 
invasion  of  the  Ukraine  by  Gcriiian  fascist  bands. 


ilthium. 

Thuo  the  elpctrolytlc  deposition  of  the  alkali  metals  from  the  foregoing 

Jromlde"  while  one  can  alvayo  dopoalt  the  alkali  metal  from  the  nltrohenxene  aolu- 
tlons  of  the  some  salts,  no  matter  what  their  molecular  ratio. 

InvestlKatlon  of  the  effect  of  nitrobenzene  upon  the  decomposition  potential 
of  the  ternary  system  KBr  -  AlBra  -  CsHsBr  [t]  Indicated  that  though  the  decompos¬ 
ition  potential  was  1.95  volts  when  no  nitrobenzene  was  present,  corresponding  to 
the  decomposition  potential  of  aluminum  bromide,  the  decomposition  potential  rose 
to  k  38  volte  when  a  small  amount  of  CqHsNOs  was  added,  corresponding  to  the  de¬ 
composition  potential  of  the  alkali  metal.  Any  further  Increase  In  the  percentage 
of  nitrobenzene  has  but  little  effect  upon  the  size  of  the  decomposition  potential. 

Adding  benzene  to  the  ternary  system  KBr  —  AlBra  -  C6H5NO2  causes  no  change 
In  the  value  of  the  decomposition  potential  [e],  which  corresponds  to  the  decom¬ 
position  potential  of  the  alkali  metal. 

V.  A.  Izbekov  has  Investigated  the  decomposition  potentials  of  various  metal 
bromides  in  AlBra  as  a  solvent  [s],  finding  that  the  decomposition  potential 
equaled  1.6  volts,  corresponding  to  the  deposition  of  aluminum,  in  the  systems 
NaBr  -  AlBra  and  KBr  -  AlBra . 

Ya.  P.  Mezhenny  has  measured  the  decomposition  potential  In  the  systems  LiCl  - 
AlBra,  NaCl  -  AIBra,  and  KCl  -  AlBra  in  the  molten  state.  This  author  found  that 
aluminum  Is  deposited  at  the  cathode  when  these  systems  ai’e  electrolyzed,  the  de¬ 
composition  potential  being  1.62  volts  for  the  first  system,  and  being  the  same 
as  that  obtained  by  V.  A.  Izbekov  [0]  for  the  NaBr  -  AlBra  and  KBr  -  AlBra  systems. 

It  follows  from  the  foregoing  that  the  magnitude  of  the  decomposition  poten¬ 
tial  and  the  deposition  of  one  metal  or  SLnother  during  electrolysis  depend  upon 
the  nature  and  the  composition  of  the  coordination  compound  formed  in  the  solution. 

Thermal  analysis  was  employed  to  prove  that  several  metal  bromides  form  co¬ 
ordination  compounds  with  AlBra  of  the  following  composition;  MeBr-AlgBre  and 
MeBr ‘AlBra  [n]. 

In  the  systems  listed  above,  with  ethylene  bromide,  ethyl  bromide,  benzene, 
or  toluene,  two  decomposition  potentials  are  found  to  exist  when  the  molecular 
ratio  of  the  MeHd  to  AlBra  >  O.5-O.6,  corresponding  to  the  formula  MeHd‘Al2Br6, 
one  decomposition  potential  being  present,  corresponding  to  the  decomposition 
potential  of  the  alkali  metal,  when  the  MeHd  and  the  AlBra  present  in  an 
equlmolfecular  ratio.  We  were  naturally  interested  in  exploring  the  decomposition 
potentials  of  the  coordination  compounds  of  aluminum  bromide,  the  composition  of 
which-had  been  established  by  thermal  analysis  with  no  solvent  present,  l.e., 
in  the  molten  state,  in  order  to  check  the  existence  of  two  potentials  for  co¬ 
ordination  compounds  that  contain  an  alkali  metal  halide. 

Initial  Substances  and  Operational  Methods 

The  bromide  were  produced  by  the  customary  methods. 

The  repeatedly  distilled  products  were  stored  in  sealed  ampoules. 

Gorehbe?n,’’[^^K®  described  In  the  paper  by  E.Tta. 

(TlBr)  [13]  was  prepared  from  thallium  acetate  and  hydro- 

::‘i,  .2;  "S‘““ " KT..- 
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The  potaoolum  bromide  and  chloride  were  purified  by  recryetallization,  then 
dried  and  atored  in  an  exeiccator* 

Purified  and  recryatallized  sodium  bromide  was  calcined  to  drive  off  the 
water  of  crystallization.  The  anhydrous  NaBr  was  stored  in  sealed  ampoules. 

Lithium  chloride  (C.P.)  was  dehydrated  in  a  current  of  HCl.  The  anhydrous 
LlCl  was  stored  like  the  NaBr. 

We  determined  the  decomposition  potential  from  the  I  -  V  curves. 

The  vessel  in  which  the  melt  was  placed  was  fitted  with  platinum  point  elec¬ 
trodes  sealed  into  glass  tubes  with  well-ground  stoppers. 

For  decomposition  potentials  up  to  3  volts  we  used  a  voltmeter  with  a  scale 
graduated  in  0.02  volt,  euid  used  a  voltmeter  with  a  scale  graduated  to  0.1  volt 
for  higher  potentials  from  3  to  6  volts. 

The  current  was  measured  with  a  mllllammeter,  accurate  to  lO"®  amp.  We 
used  a  mllllammeter  with  a  scale  reading  in  0.05  and  0*5  a®P  for  coordination 
compounds  that  contained  an  alkali  metal. 

We  used  an  electric  crucible  furnace  as  a  thermostat.  The  consteincy  of  the 
temperature  was  checked  by  means  of  an  ordinary  thermometer. 

The  coordination  compounds  were  prepared  as  follows. 

First  fused  AlBrs  was  poured  into  a  vessel  with  a  ground-glass  stopper  and 
a  lateral  tube;  after  it  solidified,  the  quantity  of  aluminum  bromide  was  weighed, 
and  a  calculated  amount  of  the  appropriate  metal  halide  was  added,  depending  upon 
the  composition  of  the  coordination  compound  as  fixed  by  thermal  analysis  [n]. 

The  mixture  was  fused  and  carefully  shaken,  after  which  it  was  poured  into  am¬ 
poules  with  drawn-out  necks,  which  were  sealed  at  once. 

There  are  no  figures  in  the  literature  on  the  thermal  analysis  of  the  LlCl  - 
AlBrs  system,  and  we  therefore  prepared  melts  as  we  had  for  the  KCl  -•  AlBra  sys¬ 
tem,  the  constituents  of  which  form  two  coordination  compounds,  KCl^AlgBre  and 
KCl'AlBra,  according  to  the  thermal  analysis  [14], 

The  coordination  compounds  thus  prepared  were  converted  into  the  molten 
state  in  the  vessel  used  for  measuring  the  decomposition  potentials.  The  vessel 
with  its  contents  was  placed  in  the  thermostat,  and  measurements  were  made  after 
the  desired  temperature  had  been  established. 

Test  Results 

The  results  of  measurements  of  the  coordination  compounds  ZnBrs'AlsBr©, 
PbBrs'AlgBre,  TlBr’AlgBre,  and  SbBra'AlBrs  are  shown  in  the  figure. 

The  decomposition  potential  was  1.64  volts  for  the  coordination  compound 
ZnBra’AlaBre  at  l40°  and  1.46  volts  at  210*.  It  was  I.06  volts  for  PbBra’AlsBre 
at  300®  and  1.6  volts  for  TlBr-AlgBre  at  165®.  For  SbBra'AlBra  the  decomposi¬ 
tion  voltage  was  measured  in  the  supercooled  state  (the  melting  point  of  the  co¬ 
ordination  compound  is  82.5*);  it  was  O.98  and  O.96  volt  at  60  and  80®,  respect¬ 
ively.  At  130®  the  decomposition  potential  was  0.88  volt.  It  is  typical  that 
the  numerical  values  of  the  decomposition  potential  recorded  by  us  differ  only 
slightly  from  those  obtained  by  V.A.Izbekov  [15]  for  concentrations  that  did  not 
correspond  to  the  composition  of  the  compounds.  At  31*81^^  by  weig\t  of  ZnBr^  •  ^ 
for  Instance,  the  decomposition  potential  was  I.56  volts  at  100®,  whereas  , 

0.9  -  0.88  volt  for  SbBrs  at  the  same  temperature  and  at  various  concentrations 
(12-89^  by  weight).  Apparently,  the  I  -  V  curve  method  is  not  very  sensitive, 
which  is  why  the  concentration  does  not  exhibit  much  of  an  effect  upon  the  magni¬ 
tude  of  the  decomposition  potential.  Moreover,  it  must  be  remembered  that  the 
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tion  potentials  of  the  same  bromides  in  a  melt  of  KBr  +  5  AlBra  at  IO5  . 


o  -  PbBr2*Al2Bre, 
X  “  TLBr*Al2Br6, 


•  -  SbBra’AlBra;  ' 
A  “  ZnBr2*Al2Br6. 


A  considerable  discrep¬ 
ancy  is  found  to  exist  only 
with  respect  to  the  decompos¬ 
ition  potential  of  PbBr2. 
According  to  the  foregoing 
authors,  the  decomposition 
potential  of  PbBr2  in  a  melt 
of  KBr  +  3AIBr3  is  1.48 
volts,  whereas  we  found  that 
the  decomposition  potential 
of  the  coordination  compound 
PbBr2*Al2Bre  to  be  I.06 
volts  at  500® .  This  discrep¬ 
ancy  is  apparently  due  to  the 
presence  of  potassium  bromide 
in  the  melt  investigated  by 
Yu.K.Delimarsky  and  V.A.Izbe- 
kov  and  to  the  difference  in 
the  test  temperatures  (IO5 
and  300® ) . 


An  altogether  different 
.  •  picture  is  observed  for  the 

decomposition  potentials  of  coordination  compounds  of  aluminum  bromide  containing 
alkali  metal  halides.  All  the  decomposition  potentials  of  MeHd  —  AlBra  systems 
in  the  molten  state  (Me  =  Li,  Na,  K)  studied  up  to  the  present  time  have  yielded 
a  figure  of  1.6  volts,  with  metallic  aluminum  deposited  during  electrolysis.  Our 
research  has  shown  that  another  potential  may  be  obtained  at  a  high  current  dens¬ 
ity,  representing  the  potential  of  deposition  of  the  alkali  metals. 

The  results  of  our  measurements 
of  the  decomposition  potentials  of 
coordination  compounds  that  contain 
alkali  metal  halides  are  listed  in 
Table  1. 


TABLE  1 


Coordination  com¬ 
pound 

Temp¬ 

era¬ 

ture 

Decomposition 
potentials ,  volts 

I 

II 

LlCl*Al2BrQ  . 

120® 

1.60 

5.1 

LiCl-AlBra  . 

200 

1.80 

5.2 

NaBr*Al2Bre  . 

100 

1.55 

3. 7-5. 9 

NaBr‘AlBr3  . 

230 

1.80 

3. 7-4. 8 

KBr*Al2Bre  . 

200 

1.36 

KBr*AlBr3  . 

250 

1.70 

4.2 

KCl-Al2Br6  . 

150 

1.60 

4.9 

KCl*AlBr3  . 

230 

2.0 

4.6 

It  was  not  always  possible  to 
measure  the  other  potentials  accur¬ 
ately,  owing  to  the  oscillations  of 
the  voltmeter  pointer 5  moreover,  al¬ 
lowance  must  be  made  for  depolariza¬ 
tion,  caused  by  the  interaction  of 
of  the  electrolysis  products  with 
one  another.  Still,  the  values  we 
obtained  for  the  second  potential 
indicate  that  this  potential  repre- 

deposition  of  the  alkali  metal.  To  check  whether  an  alkali  metal  is  de- 

ve  dlscivered  thfre6pectl!!ralkalfmet!f“d‘'°"'’dr^° 

coordination  compound!  In  composition  of  t.o 

Thus  one  can  electrolytlcally  deposit  the  alkali  metal  as  well  as  the  alumlnu 
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from  molten  oystema  ut  high  current  denaltlee.  In  this  respect  the  electrochem¬ 
ical  properties  of  these  melts  change  but  little  when  an  organic  solvent  with  a 
low  dielectric  constant  (benzene,  toluene,  xylene,  ethyl  bromide,  or  ethylene  brom¬ 
ide)  Is  added. 

The  fact  that  the  lnlt;lal  decomposition  potentials  of  coordination  compounds 
with  an  equlmolecular  composition,  which  contain  alkali  metal  halides,  Is  somewhat 
higher  than  those  for  coordination  compounds  containing  two  mols  of  AlBra  Is  worthy 
of  note.  This  can  apparently  be  explained  by  the  differences  In  the  heats  of 
formation  of  these  compounds. 

It  should  be  noted  that  the  decomposition  potentials  of  these  coordination 
compounds  are,  as  a  rule,  higher  in  various  organic  solvents  than  In  the  molten 
state.  Differences  In  the  concentrations  and  temperatures  used  In  the  tests  can 
hardly  affect  the  decomposition  potentials  to  that  extent.  The  discrepancy  be¬ 
tween  the  values  of  the  first  decomposition  potentials  of  the  coordination  com¬ 
pounds  we  have  examined  in  their  molten  state  and  In  solution  must  be  ascribed  to 
the  heats  of  formation  of  the  more  complex  coordination  compounds  from  the  com¬ 
ponents  of  the  system  and  the  organic  solvent. 

SUMMARY  ' 

1.  .The  decomposition  potentials  of  the  coordination  compounds 

-  LlCl'AlsBre,  LiCl'AlBra,  NaBr*Al2Br6, 

NaBr'AlBra,  KBr'AlsBre,  KBr'AlBra, 

KCl’AlsBre,  KCl’AlBra,  ZnBr2*Al2Bre, 

PbBr2*Al2Br6,  TIBr*Al2BrQ,  and  SbBrs'AlBra 

have  been  measured  in  the  molten  state. 

2.  Two  decomposition  potentials  have  been  found  to  exist  in  coordination 
compounds  that  contain  alkali  metal  halides;  the  first  potential  represents  the 
deposition  of  aluminum,  while  the  second  one  corresponds  to  the  alkali  metal. 

3.  When  molten  coordination  compounds  that  contain  alkali  metal  halides 
are  electrolyzed,  the  corresponding  alkali  metal  Is  deposited  at  the  cathode 
together  with  aluminum  when  the  current  density  Is  high. 

4.  The  decomposition  potentials  of  the -coordination  compounds  ZnBr2*Al2Bre, 
PbBr2*Al2Bre,  and  SbBra'AlBra  represent  the  deposition  potential  of  the  heavy- 
metal  , 
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THE  EFFECT  OF  SUBSTANCES  THAT  LOWER  THE  SURFACE  TENSION  UPON 


THE  CATHODIC  DEPOSITION  OF  CADMIUM 


V. .  Sotnikova  and  M.  Loshkarev 


INTRODUCTION 

The  pronounced  effect  of  the  adsorption  of  neutral  surface -active  substances 
upon  the  kinetics  of  the  cathodic  deposition  of  tin,  previously  discovered  by  us 
[i],  ought  to  be  typical  of  many  electrode  reactions  in  some  degree.  In  the  pres¬ 
ent  paper  we  make  an  endeavor  to  check  this  hypothesis. 

The  adsorption  of  ionic  as  well  as  of  molecular  surface-actlvp  substances  to 
metals  takes  place  within  a  restricted  range  of  potentials.  This  condition  is 
most  sharply  manifested  for  the  additions  of  a  molecular  nature,  which  can  form 
stable  films  only  at  fairly  low  charges  on  the  electrode  surface.  In  most  ins¬ 
tances  a  deviation  of  0.4  to  0.7  volt  to  either  side  of  the  zero-charge  potential 
(^o)  results  in  *their  desorption.  Thus,  the  possibility  that  chemical  polarization 
of  this  type  will  occur  is  restricted  by  the  requirement  that  the  equilibrium  poten¬ 
tials  be  rather  close  to  the  zero  charge  point  of  the  surface.  In  many  instances, 
however,  the  difference  between  these  latter  values  is  not  very  great.  In  Table 
1  we  have  compared  the  values  of  the  standard  potentials  for  a  number  of  electrode 
processes  with  the  most  probable  values  of  the  potentials  of  the  zero  point  ac¬ 
cording  to  the  data  reported  by  Academician  A.N.Frumkin  at  the  194?  session  of 
the  Division  of  Chemical  Sciences  of  the  USSR  Academy  of  Sciences.  As  is  shown 
in  the  table,  it  is  possible  for  molecular  adsorbed  films  to  be  fomed  in  most 
of  the  processes  listed. 

We  were  therefore  very  much  interested  in  tracing  the  action  of  the  additives 
that  had  been  found  to  be  active  upon  the  cathode  process  when  other  metals  are 
deposited.  We  chose  cadmium  as  the  metal  in  question.  The  shift  of  the  zero- 
charge  point  on  the  surface  of  Cd  toward  negative  voltages  compared  to  its  stand¬ 
ard  potential  made  it  seem  likely  that  organic  additives  would  result  in  hi^ 
chemical  polarization. 

In  the  literature  we  find  numerous  references  to  the  Improvement  of  the 
structure  of  cathodic  deposits  of  cadmium  and  zinc  by  adding  colloid  and  surface- 
active  substances  to  the  electrolyte.  K.M. Gorbunova  [2],  for  example,  noted  that 
the  nature  of  the  growth  of  cadmium  crystals  changed  when  nicotine  sulfate  and 
brucine  were  added.  The  research  work  of  Planer  [3]  as  well  as  that  done  by 
Kudryavtsev,  established  the  great  improvement  in  the  deposit  caused  by  the  use 
of  commercial  cadmium  phenolsulfonate  baths  with  a  colloid.  In  the  extensive 
literature  of  the  past  few  years  we  also  find  recommendations  that  cresol-  and 
naphtholsulfonic  acids  be  added  [4]^  as  well  as  various  condensation  products  of 
amines  with  aldehydes  and  ketones  [b],  furfural,  various  colloids  [e],  and  other 
compounds. 
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TABIi:  1 


Metal 


Standard.. 

potentials 

Electrode  reaction 

..against  a 

calomel 

electrode 

Pt 

Ag 

Hg 

Bi 

Pb 

Sn 

T1 

Cd 

Ga. 

Zn 


Pt  2a  -V  Pt  . 

Ag'*'  +  e  — ^  Ag  .... 
Hgg-^  +  2e  Hg 

+  5®  Bi  .  •  • 
Pb++  +  2e  —»  Pb 

+  2e  — *  Sn  •  • . 

Tl'*’  +  e  T1  . 

Cd'‘~*'  +  2e  —♦  Cd 
Ga+'^  +  3e  Ga 

Zn'*''*’  +  2e  — ^  Zn 


+0.920 

+0.520 

+0.519 

-0.066 

-0.407 

-0.4l6 

-0.416 

-0.616 

-0.616 

-0.682 

-0.8C0 

-1.042 


+0.50 

+0.27 

0.00 

-0.20 

-0.37 

-0.13 

-0.09 

-0.49 

-0.55 

-0.53 

-0.40 

-0.45 


With  respect  to 
the  standard 
calomel  elec- 
trode 


0.00 

-0.23 

-0.50 

-0.70 

-0.87 

—0.63 

-0.59 

-0.99 

-1.05 

-1.06 

-0.90 

-0.95 


The  decrease  in  the  grain  size  and  the  increase  in  the  density  and  uniform¬ 
ity  of  growth  of  cadmium  deposits,  noted  by  many  authors,  indicate  the  probability 
that  the  electrode  processes  are  retarded  by  the  addition  of  various  organic  com¬ 
pounds  to  the  electrolyte. 


In  our  research  we  confined  our  attention  chiefly  to  a  study  of  the  effect 
of  the  group  of  active  compounds,  which  we  had  already  discovered  to  exist  in  the 
deposition  of  tin.  The  data  cited  above  Indicate  that  at  least  some  of  these 
compounds  possess  a  notable  retarding  effect  upon  the  electrode  process  ve  had 
chosen.  At  the  same  time/  comparison  of  the  differing  effect  of  the  same  addi¬ 
tives  upon  various  processes  provides  us  with  additional  experimental  data  char¬ 
acterizing  the  specific  properties  of  each  of  the  systems  under  Investigation. 


In  its  electrochemical  behavior  cadmium  resembles  tin.  But  when  it  is  de¬ 
posited  from  solutions  of  simple  salts,  considerable  chemical  polarization  is 
observed  [7],  varying  with  the  nature  and  concentration  of  the  electrolyte.  The 
influence  of  additions  of  surface -active  substances  in  this  case  might  be  some¬ 
what  more  complicated  than  in  the  case  of  tin. 

In  our  research  we  used  an  electrolyte  containing  0.25  N  CdS04  and  O.O5  N  - 
0.075  1?  H2SO4.  The  cadmium  sulfate  was  subjected  to  double  recrystallization. 
All  our  experiments  were  conducted  in  a  motionless  electrolyte  at  a  temperature 
of  18® .  The  method  of  polarized  measiirements  did  not  differ  from  the  one  des¬ 
cribed  earlier  [a]. 


Measurement  Results 

As  in  the  experiments  made  by  N.A.Izgaryshev,  the  polarization  taking  place 
when  Cd  was  deposited  from  a  pure  sulfate  solution  was  found  to  be  negligible. 
Introducing  a  colloid  into  the  electrolyte  resulted  merely  in  slightly  diminishing 
the  limiting  diffusion  current,  due  chiefly,  it  seems,  to  an  Increase  in  the 
viscosity  of  the  electrolyte.  Thus,  the  limiting  current,  with  is  I5  miUiamp/cm^ 
for  a  pure  solution,  dropped  merely  to  10-12  milliamp/cm^  when  5  grams  of  gelatin 
per  liter  was  added.  The  potential  -  current  density  curve  represented  the  usual 
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caoe  of  concentration  polarization  with  the  onset  of  hydrogen  discharge  at  high 
current  densities. 

Introducing  any  one  of  our  five  additives  (a-  and  p-naphthol,  thymol,  xylenol, 
and  diphenylamine)  into  a  similar  electrolyte  containing  1  gram  of  gelatin  per 
liter  did  not  result  in  any  essential  change  in  the  shape  of  the  curves.  In  view 
of  the  considerable  Increase  in  the  efficiency  of  action  of  the  surface-active 
substances  when  a  colloid  is  added  to  tin  electrolytes,  we  repeated  these  tests, 
but  with  the  gelatin  content  increased  to  5  grams  per  liter.  In  this  case  we 
were  able  to  find  a  notable  decrease  in  the  limiting  current  when  thymol  and  the 
a-  and  P-naphthols  were  added.  The  values  of  Dxim,  this  series  of  tests  are 
given  In  Table  2, 

j  TABUE  2 

Limiting  Currents  (D  in  mllllamp/cm^) 
for  Electrolytes  Saturated  with  Addi¬ 
tives 

Composition  of  the  solution;  0.25  N 
CdS04,  0.065  N  H2SO4,  5  grams  gela¬ 
tin  per  liter.  Temp.:  I8® .  Stationary 


Test 

No. 

Name  of  additive 

^llm.^  mA/cm: 

1 

Diphenylamine  ..... 

9.0 

2 

Xylenol  . 

9.0 

5 

a-Naphthol  ........ 

6.8 

4 

P-Naphthol  ........ 

6.4 

5 

Thymol  . . 

4.8 

6 

Gelatin  alone  . 

10.0 

the  deposition  of  cadmium  from  a 
0.25  N  solution  of  CdS04  with  add¬ 
itions  of  surface-active  substances 

The  table  shows  that  the  effective-  •  gelatin  . 

ness  of  the  action  of  additives  was  still 

not  high  enough.  In  the  best  case  all  that  we  were  able  to  achieve  was  cutting 
the  limiting  current  in  half.  In  our  subsequent  experiments  we  endeavored  to  re¬ 
duce  the  limiting  current  still  lower  by  introducing  several  surface-active  sub¬ 
stances  into  the  electrolyte  simultaneously.  The  first  experiment,  made  with  the 
solution  simultaneously  saturated  with  all  five  additives  at  once,  yielded  a  very 
interesting  result,  namely:  the  limiting  ciurent  dropped  to  0.4  milliamp/cm^  in 
this  case,  l.e.,  it  was  of  the  order  of  the  lowest  values  of  Dlln.  for  the  depoe- 
Ition  of  tin. 

The  combined  introduction  of  various  additives  also  affected  the  appeaLreince 
of  the  deposit  —  it  changed  from  the  matte  finish  produced  when  gelatin  and  any 
single  one  of  the  additives  were  added  to  a  mirror -bright  finish. 

Subsequent  experiments,  in  which  we  trlea  out  the  simultaneous  action  of 
two  additives,  showed  that  an  exceptionally  low  limiting  current  is  found  to 
exist  for  a  saturated  solution  of  a-naphthol  and  diphenylamine.  The  numerical 
data  for  these  experiments  are  listed  in  Table  3* 

It  is  characteristic  that  the  polarization  occiirring  here  not  only  much  ex¬ 
ceeds  the  h  but  is  the  highest  of  all  the  known  values  of  ^  for  cathode  de¬ 
position  of  the  metals. 

As  the  figure  shows,  the  general  shape  of  the  curve  resembles  the  correspond¬ 
ing  functions  for  tin,  differing  from  the  latter  solely  in  the  smaller  variation 
of  the  potential  with  the  current  in  the  third  section  of  the  curve.  We  were  thus 
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able  to  otate  that  the  ohorp  braking  of  the  electrode  proceoa  e^lbltcd  In  the 
deposition  of  Sn,  dun  to  the  formation  of  a  dense  adsorption  film 
face-actlve  substances,  which  Is  nearly  Impermeable  for  discharging  ions,  1 

cLractcrl.tli  of  cadmium  depoaltlon.  In  the  ll^t  of  this  clrc|»Btance 
we  endeavored  to  make  a  quantitative  check  of  theoe  experimental  data.  Unfor¬ 
tunately.  the  flrat  section  of  the  n/D  curve  Is  so  tiny  In  tbla  Instance  as  to 
escape  analysis,  and  this  latter  la  complicated  still  further  by  the  presence  of 
appreciable  chemical  polarization  when  Cd  Is  deposited  from  pure  solutions,  pat 
is  why  we  confined  ourselves  to  checking  the  agreement  of  the  experimental  data 
for  the  third  section  of  the  curve  with  the  approximate  equation  we  had  derived 
earlier,  bearing  In  mind  the  logarithmic  relationship  between  the  polarization 
and  the  density  of  t^;e  current  expended  for  the  mechanism  of  discharge  in  the 
third  section  of  the  curve  (i.e.,  subtracting 

n'  =  a  “  b  log  (DA  -  Diim. ) . 


The  results  of  these  computations  (see  figure)  indicated  that  the  variation  of  h 
with  log  (DA  -  Diim.)  is  nearly  a  stralght-llne  function,  as  is  the  case  with 
tin,  differing  from’ the  latter  In. that  the  coefficient  b  is  much  smaller,  being 
^  0,050  volt  in  this  instance. 

Comparison  of  experimental  data  with  the  data  for  the  cathode  deposition 
of  tin  indicates  that  the  adsorption  films  formed  on  cadmium  when  a-  and  p-naph- 
thols,  thymol,  xylenol,  or  diphenylamine  are  added  separately  possess  higher  per¬ 
meability.  Unfortunately,  this  data  does  not  yet  enable  us  to  solve  the  problem 
of  the  reason  for  the  lower  braking  action  of  such  films  for  cadmium.  This  may 
be  due  either  to  the  greater  porousness  of  the  corresponding  adsorption  layers  or 
to  their  increased  permeability  for  Cd"^  ions,  compared  to  Sn"*^  ions,  assuming 
approximately  identical  structures  in  both  cases.  We  shall  return  to  this  prob¬ 
lem  in  one  of  oiu*  forthcoming  papers. 


In  contrast  to  this,  the  combined  addition  of  the  additives  results  in 
marked  retardation  of  the  entire  electrode  process  (low  limiting  current),  which 
seems  to  indicate  very  low  permeability  of  the  adsorption  films  that  are  formed. 
In  considering  the  foregoing  data,  we  must  bear  in  mind  that  the  additives  exam¬ 
ined  were  extremely  few  in  number.  We  must  therefore  expect  that  surface-active 
compounds  may  yet  be  found  for  cadmium  plating  that  sire  even  more  efficient  than 
those  investigated. 


It  is  worthy  of  note  that  the  material  role  played  by  a  colloid  in  the  elec¬ 
trolyte,  together  with  that  of  a  capillary-active  substance,  as  observed  in  the 
case  of  tin,  is  very  striking  in  the  case  of  cadmium.  It  is  likewise  character¬ 
istic  that  when  diphenylamine,  a-naphthol,  and  gelatin  are  all  present  in  the 
electrolyte  at  the  same  time,  reducing  the  concentration  of  gelatin  from  5  grams 
per  liter  to  1  gram  per  liter  sharply  impairs  the  deposit  and  changes  the  nature 
of  the  electrode  process  very  materially.  Table  4  shows  the  variation  of  the 
potential  with  the  current  density  for  solutions  containing  a-naphthol,  diphenyl¬ 
amine,  and  varying  amounts  of  gelatin. 

indicates  that  the  magnitude  of  the  limiting  current  rises  greatly  as 
the  gelatin  concentration  drops,  while  the  polarization  falls. 

Is  increase  in  the  action  of  surface-active  substances  when  gelatin 

fil^  This  T  colloldf.s  reinforcing  the  adsorption 

rniiAiH  ^  however,  largely  the  result  of  the  formation  of  ionic- 

the  somiofanrespeclaSflfthe  N.A.Izgaryshev  [s])  m 

conol.),  Which  hamper  the=^penet^at“a^f  i^!;: 

In  conclusion,  we  should  point  out  that,  aside  from  some  specific  properties 
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TABLE  4 


Effect  Of  a  Colloid  on  PolarUatlon  In  the  Depoeltlon  Catolum  From  Solutions 
*  Containing  Surface-Active  Substances  as  Additives 

Composition  S  tL  solution:  0.25  N  Cd’ '  and  0.^5  N  H^SO*,  solution  sat- 
CompoBiLion  u  ominp  And  cL-naDhthol 


Test 

No. 

Dx, 

mA/cm^ 

Without 

gelatin 

Polarlz 

1  g/liter 

:atlon.  n, 
With  gelal 
2  g/liter 

Lllivolts 

:in 

4  g/liter 

5  g/liter 

0  1 

14.0 

8.0 

36.0 

107.5 

125.0 

1 

2 

X 

0.2 

0.4 

32.0 

56.0 

16.0 

28.0 

81.6 

106.2 

119.0 

125.0 

503.1 

568.0 

J 

1. 

0  6 

81.0 

42.0 

114.0 

127.0 

613.5 

1.0 

92.0 

88.5 

120.0 

586.0 

703.0 

p 

6 

1.4 

98.0 

94.0 

122.5 

625.4 

709.6 

7’  • 

2.0 

101.0 

97.6 

124.0 

•649.5 

713.0 

1 

8 

3.0 

106.6 

100.0  . 

127.0 

659.0 

•  715.0 

9 

4.0 

115.0 

103.0 

130.0 

665.0 

717.8 

10 

6.0 

139.0 

108.5 

583.0 

666.0 

7i9.0 

11  1 

8.0 

574.0 

548.0 

— 

12 

10.0 

597.0 

583.2 

620,6 

673.2 

722.2 

13 

14.0 

614.0 

591.0 

649.0 

682.0 

725.0 

14 

20.0 

635.0 

608.0 

658.3 

689.0 

730.0 

15 

30.0 

662.0 

622.7 

670.0 

707.2 

739.9 

16 

40.0 

675.0 

634.0 

681,0 

720.0 

750.0 

17 

50.0 

683.0 

643.0 

689.5 

728.8 

758.0 

18 

6o.o 

691.0 

- 

696.0 

738.0 

— 

of  the  cathode  deposition  of  cadmium  in  the  presence  of  the  capillary-act ive  add¬ 
itives  referred  to,  the  variation  of  the  potential  with  the  current  density  for 
cadmium  is  of  the  same  type  as  in  the  case  of  tin,  which  points  to  a  similar 
mechanism  operating  in  both  cases. 

The  higher  values  for  polarization  as  compared  with  the  discharge  of 
tin  from  solutions  containing  the  same  additives  are  in  good  agreement  with  the 
greater  difference  between  the  process*  equilibrium  potential  and  the  surface* e 
zero-charge  point  in  this  instance  =  0.4;  A«p  =  0.2  volts),  which  causes 

the  adsorption  film  to  begin  breaking  down  at*  higher  values  of  B  . 


SUMMARY 


1.  A  study  has  been  made  of’  cathode  polarization  in  the  deposition  of 
cadmium  from  pure  solutions  of  CdS04  and  from  solutions  containing  phenols,  di- 
phenylamine,  and  gelatin  as  additives. 


2.  It  has  been  found  that  the  discharge  of  cadmium  ions  from  solutions 
that  ^e  satiirated  with  diphenylamine  and  a-naphthol  and  contain  a  colloid  is 
accompanied  by  very  high  chemical  polarization,  which  far  exceeds  the  overvolt¬ 
age  occurring  during  the  deposition  of  metals  of  the  iron  group. 


5*  The  variation  of  the  potential  with  the  current  density  that  exists 
in  this  case  is  similar  to  the  shape  of  the  polarization  curves  for  the  deposi¬ 
tion  of  tin  in  the  presence  of  various  organic  surface-active  substances  in  the 
electrolyte  and  is  in  good  agreement  with  the  hypothesis  that  dense  adsorption 
formed  on  the  electrode  and  that  they  are  broken  down  (desorption) 
when  the  negative  potentials  on  the  electrode  are  high  enough. 
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4.  The  IncrcaHC  In  the  cffcctlvencao  of  the  addltlveo  produced  by  the 
addition  of  gelatin  la  the  reoult  of  the  formation  of  Izgaryehev  adsorption  ionic- 
colloidal  coordination  compoundc  in  the  solution  and  in  the  film  surrounding  the 
electrode,  which  hamper  the  penetration  of  the  ions  through  the  adsorption  layer, 
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THR  DEPRNDRNCE  OP  SOME  REDOX  REACTIONS  UPON  THE  pH  OP  THE  MEDIUM 


P. .  A. .  Et)ik  and  V»  P«  Tolstikov 


Numerous  comprehensive  scientific  papers  have  been  written  on  the  effect 
of  H'*’  ions  upon  oxidative -reducing  reactions,  and  still  this  problem  has  not  been 
resolved  satisfactorily  for  inorganic  reactions,  [i].  We  might  state  at  this 
point,  by  the  way,  that  the  overwhelming  majority  of  these  papers  deal  only  with 
individual  reactions  or  groups  of  reactions,  and  the  accumulation  of  a  vast  amount 
of  experimental  data  has  not  resulted  in  any  notable  generalizations  in  the  field 
of  Inorganic  chemistry  as  yet. 

In  selecting  the  optimum  medium  (l.e.,  the  numerical  pH  value)  for  oxida¬ 
tive-reducing  (redox)  reactions,  the  sole  guiding  principle  employed  upl  to  the 
present  time  is  founded  upon  balancing  the  ions  in  the  equations  for  these  re¬ 
actions.  This  principle,  initially  proposed  by  Mohr  [2]  is  phrased  about  as  fol¬ 
lows  at  the  present  time:  If  the  concentration  of  H+  ions  in  the  solution  rises 
as  the  result  of  a  given  reaction,  the  reaction  is  promoted  by  an  alkaline  medium, 
%rtille  an  acid  medium  will  be  best  if  the  concentration  of. OH”  ions  rises. 

Representing  a  special  case  of  the  Law  of  Mass  Action,  this  principle  is 
borne  out  by  the  experimental  results  in  most  cases,  but  it  possesses  the  two 
following  deficiencies.  First,  determination  of  the  optimum  medium  always  requires 
the  setting  down  of  the  equations  for  the  chemical  reactions  Involved,  in  such  a 
way  as  to  enable  the  correct  drawing  up  of  the  hydrogen-ion  balance-sheet.  This 
condition  sometimes  entails  very  complicated  computations  and  therefore  is  not 
ccmplled  with  in  such  cases,  as  will  be  shown  later  on.  Second,  even  with  the 
most  precise  balance-sheet  of  the  H"^  ions  in  the  equations  for  the  chemical  reac¬ 
tions,  this  principle  often  contradicts  reality  and  hence  is  not  free  of  Inherent 
flaws. 

In  1900,  F.  Crotogino  [3]  proposed,  on  the  basis  of  considerable  experi¬ 
mental  data,  that  all  special  redox  systems  be  divided  into  two  classes.  His 
first  class  comprised  the  systems  whose  oxidized  forms  contained  oxygen,  such  as: 

Mn04  +  5e  +  8H+  ^  Mn^  + 

CIO3’  +  6e  +  6h^  ^  Cl”  +  3H2O5 

the  second  class  comprising  all  the  others,  such  as: 

Fe^"*"  +  e  Fe^"*";  I2  +  2e  ^  21  . 

At  the  same  time,  the  author  demonstrated  that  the  numerical  values  of 
the  oxidation  potentials  of  Class  I  systems  are  Increasing  functions  of  the  hydro¬ 
gen-ion  concentration,  while  the  values  of  the  potentials  of  Class  II  systems  are 
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independent  of  the  medium,  provided,  of  eourne,  the  changes  In  the  pH  do  not  In- 
vo]ve  any  olde  procoBBeo  In  thene  Dyutema. 

This  paper  vas  also  the  first  to  propose  the 
1  Jinn  nAhe  oxldatlon  potent lalB  of  Class  I  syetems  with  the  hydrogen- 
Ion  con«ntratlL  in  the  solution,  the  chemical  reaction  occurring  In  the  system 
Z  th^reJu^Uon  being  expressed  as  follovs  In  the  original  paper: 

nOx  +  mH'*'  n'Bed  +  mOH"  +  sF  .  M 

'  E  .  f  in  K  ±1^  ,  (2) 

sr  •  n‘  m  ' 

Red’^  Kw 

where  K  Is  the  constant  characterizing  the  given  system  and  is  the  ionization 
constant  for  water.  (As  we  know,  these  equations  are  written  differently  nowadays, 
but  their  content  has  remained  the  same.). 

This  classification  of  singular  redox  systems  with  respect  to  the  large 
group  of  universal  redox  systems  makes  it  unnecessary  to  draw  up  a  hydrogen-ion 
balance  sheet  for  chemical  equations)  this  eliminates  in  part  one  of  the  above- 
mentioned  deficiencies  of  Mohr's  principle.  The  value  of  this  classification  be¬ 
comes  obvious  if  we  follow  the  example  of  A. K. Babko  [4]  and  divide  all  redox  re¬ 
actions  into  four  groups,  depending  on  the  classes  of  special  redox  systems  taking 
part  in  these  reactions. 

Yet  it  may  be  shown  that  any  conclusions  drawn  from  Crotoglno's  classifi¬ 
cation  and  equations  concerning  the  optimum  medium  for  redox  reactions  always  co¬ 
incide  with  the  conclusions  based  upon  the  hydrogen-ion  balance,  although  these 
conclusions  are  contradicted  by  reality  in  some  instances.  Thus,  the  cited  paper 
by  Crotogino,  while  facilitating  the  use  of  an  effective  principle  for  determining 
the  optimum  medium  for  redox  reactions,  does  not  eliminate  the  inherent  flaw  in 
this  principle. 

The  Inadequacy  of  the  theory  under  discussion  is  exhibited  'princlpall.y 
in  the  redox  reactions  in  which  both  the  oxidizing  and  reducing  special  systems 
belong  to  Crotoglno's  Class  I.  The  reason  for  this  is  the  fact  that,  according 
to  present  theory,  the  part  played  by  the  hydrogen  and  hydroxyl  ions  in  these 
reactions  consists  solely  in  their  mutual  neutralization. 

In  much  better  agreement  with  all  the  major  experimental  data  is  the 
assumption  that  the  hydrogen  ions  perform  another  anlno  less  important  fi^^iction, 
besides  their  neutralizing  the  OE"  or  0^~  ions,  namely;  they  break  down  complex 

anions  of  the  EOy  type  (such  as  Mn04~)  in  such  a  way  as  to  evolve  oxygen  as  one 
of  the  end  products  fs].  The  well-known" fact  that  the  degree  of  stability  of 
anions  of  the  EoJ"  type  against  the  action  of  protons  also  depends  upon  the 
nature  of  these  anions,  and  not  merely  upon  the  or  OH"  ion  balance  in  the  equa¬ 
tions  for  these  reactions,  fully  conforms  to  this  assumption.  There  is  no  doubt 

that  a  disturbance  of  the  stability  of  the  EOj“  anion  increases,  its  oxidizing 
power  L®J.  * 

auxiliary  function  of  the  hydrogen  ions  mentioned  above,  though  ex¬ 
erting  a  material  effect  upon  redox  processes,  is  not  reflected  in  Equation  (2) 
nor  is  it  accounted  for  by  any  other  hypotheses.  .  ^ 

.  1,  selected  the  follovlng  three  reactions:  the  oxidation  of  an  arsenlte 
by  a  br^ate  and  a  chlorate  and  the  oxidation  of  a  sulfite  by  a  chlL“e  for 

soecSl  svstr“”rfn  systems,  in  which  the  oxidative  and  reducing 

pedal  systems  both  belonged  to  Crotoglno's  Class  I.  ^ 
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According  to  tho  currently  accepted  theory,  all  theae  react iono  (and  thoae 
similar  to  them)  require  an  alkaline  or  neutral  medium,  whereao  the  new  concept 
set  forth  above  otateo  that  only  raising  the  acidity  of  the  medium  will  promote 
these  reactions,  despite  the  fact  that  each  of  these  reactions  doubtless  results 
in  raising  the  hydrogcn-lon  concentration  In  the  solution  to  some  extent.  It  la 
the  object  of  the  present  paper  to  provide  an  experimental  check  of  this  new 
concept  of  the  effect  of  the  medium' c  pH  on  redox  reactions  In  the  foregoing  re¬ 
actions,  In  our  discussion  of  each  of  the  reactions  we  shall  also  compare  the 
existing  and  the  proposed  theories. 

I.  Oxidation  of  An  Arsenlte  by  A  Bromate 

This  reaction  has  been  employed  for  a  long  time  [7,8]  in  bromatometry 
and  Is  therefore  of  great  Interest,  theoretically  as  well  as  practically.  Accord¬ 
ing  to  current  theory,  selecting  the  optimum  pH  value  of  the  solution  for  the  re¬ 
action  In  question  requires  the  preliminary  determination  of  the  hydrogen-ion  (or 
hydroxyl-ion)  balance-sheet  In  the  chemical  equation,  but  this  determination  Is 
not  feasible  if  there  are  no  figures  on  the  numerical  pH  value.  Inasmuch  as  this 
balance  sheet  depends  upon  the  pH  level.  The  experimental  data  indicate  that  the 
reaction  In  question  is  satisfactory  only  when  the  acidity  of  the  solution  is  at 
least  IN. 

Under  these  conditions  setting  up  the  chemical  equation  that  would  enable 
us  to  compute  the  hydrogen-ion  balance-sheet  for  the  reaction  becomes  very  dif¬ 
ficult,  since  the  reduced  arsenic  appears  in  various  forms  (such  as  As^"*',  H3ASO3, 
As(OH)j,  etc.)  in  this  reaction,  and  it  proves  to  be  rather  hard  to  compute  the 
proportions  in  which  they  ore  present,  while  the  predominance  of  one  form  or  anot¬ 
her  of  the  arsenic  affects  the  hydrogen-ion  balance  in  the  reaction. 

Kolthoff  and  Sendell  [9],  for  instance,  give  the  following  equation  for 
this  reactions 

3AS®'*'  +  BrOa*  +  6h+  =  ^As^^  +  Br”  +  5H2O.  (5) 

Though  this  equation  is  in  harmony  with  the  classical  princiiile  of  select¬ 
ing  the  optimum  medium  for  redox  reactions,  it  is  actually  an  artificial  one 
beyond  a  doubt,  contradicting  reality,  inasmuch  as  there  is  absolutely  no  reason 
for  expressing  As''  by  the  As5+  ion.  When  the  medium  is  highly  acid  there  are 
much  more  data  to  support  the  assumption  that  arsenic  acid  is  the  dominant  form 
of  the  arsenate.  But  then  the  reaction  equation  will  be  Just  the  opposite  as 
far  as  the'  hydrogen-ion  balance  is  concerned  (retaining  the  previous  form  of  the 
reduced  arsenic); 

3A83+  ^  Bj.03“  +  9H2O  =  5H3ASO4+  Br“  +  9H^.  (4) 

Nor  does  this  equation  satisfactorily  reflect  the  true  nature  of  the  pro¬ 
cess,  however.  Inasmuch  as  the  As^"^  ion  is  also  not  the  predominant  form  of  the 
reduced  arsenic. 


Without  going  into  further  details  of  the  hydrogen-ion  balance-sheet,  we 
may  state  categorically  that  performing  the  foregoing  reaction  in  an  acid  medium 
results  in  Increasing  the  concentration  of  hydrogen  ions  in  solution,  even  though 
the  reaction  is  assisted  by  an  acid  medium. 

According  to  our  new  point  of  view,  the  problem  of  the  optimum  medium  for 
this  reaction  is  resolved  in  practice  wholly  independently  of  the  hydrogen- ion 
balance.  We  know  that  an  arsenate  resists  -the  action  of  protons  better  than  a 
bromate  does  and  that,  in  any  event,  they  do  not  cause  it  to  oxidize  oxygen  anions. 
In  an  alkaline  or  neutral  medium  a  bromate  is  a  very  weak  oxidizing  agent,  while 
its  oxidative  properties  increase  so  much  when  the  medium  is  sufficiently  acid 
that  the  reduction  of  bromine  is  accompanied  by  the  evolution  of  free  oxygen,  un¬ 
less  the  reaction  medium  contains  a  suitable  reducing  agent.  Hence,  increasing 


the  acidity  of  the  medium  will  promote  the  reaction  under  dlocusslon. 

Research  Method 

Equal  volumes  of  the  following  solutions;  potassium  arsenlte  neutralized 
with  hydrochloric  acid  against  methyl  orange,  potassium  bromate,  and  hydrochloric 
acid,  were  mixed  together  In  a  bottle  with  a  ground-glass  stopper.  In  all  our 
tests  the  concentrations  of  the  arsenlte  and  the  bromate  In  the  mixture  were  about 
0.1  N,  the  concentration  of  the  hydrochloric  acid  being  varied  from  test  to  test. 
The  original  solutions  were  kept  In  a  water  thermostat  at  15*  >  reaction 

mixture  was  placed  In  the  same  thermostat.  At  given  Intervals  of  time  batches  of 
the  reaction  mixture  (usually  10  ml  each)  were  removed,  and  the  residue  of  arsen- 
Ite  measured  lodometrlcally  after  they  had  been  neutralized  with  sodium  bicarbon- 
ate,  .  j  ^ 

I  Research  Results 

If  the  pH  >  4,  the  arsenlte  Is  not  oxidized  even  afer  a  month  has  passed 
(at  room  temperature).  As  is  seen  InFig..  1,  the  velocity  of  this  reaction  be¬ 
comes  practically  perceptible  when  the  HCl  concentration  reaches  0,05  N. 

The  shape  of  the  curves  in  Fig.  1, 
particularly  Curve  2,  points  to  the  auto- 
catalytlc  nature  of  the  process  In  ques¬ 
tion. 

During  the  Initial  Intervals  of 
time,  which  are  different  for  different 
pH  values,  the  reaction  velocity  Is  neg¬ 
ligible,  but  then  It  rises,  falling  again 
later  on. 

We  had  to  find  out  which  of  the 
reaction  products  acted  as  a  catalyst. 

When  the  acidity  of  the  solution  is  O.IN 
(Curve  2),  the  AsHI  and  the  As^  will  ev¬ 
idently  be  present  as  the  respective 
acids,  and  then  the  reaction  may  be  ex¬ 
pressed,  by  means  of  this  equations 

3H3ASO3  +  BrOa  =  5H3ASO4  +  Br~.  (5) 

Besides  the  arsenate  and  the  brom¬ 
ide,  ff*"  Ions  also  accumulate  in  the  solu¬ 
tion  as  a  reaction  product.  Inasmuch  as 
arsenic  acid  Is  stronger  than  arsenlous 

acid,  but  iftea  the  acidity  of  the  solution  la  no  lower  than  O.IK,  the  electroly- 
tiatlorof  H+  the  H3ASO4  is  so  depressed  that  the  increase  in  the  concen- 

on^v  tL  L  A  TL'’®  “^elected.  We  therefore  had  to  test  the  Influence  of 
?ha?  U  acc^e^tefth  f  did  concerning  the  former  [lo] 

e^ertoeSa!  condition!  ®  tested  this  phenomenon  under  our 

aSed  tnvestlgatlons  showed  that  when  0.01  mg  of  KBr  was 

d^^trby  ciive l^^both  materiSly,  “  in! 

Of  the  reLti^r  induction  period  and  the  positive  acceleration 

The  arsenate  has  no  eff«t  uportL''coIL-°°  bromide  is  added,  disappear. 

doubt  that  the  autocatalvtir  ^  reaction.  Thus,  there  is  no 

autocatalytlc  action  in  this  reaction  la  due  to  the  bromide. 

questlor'Ly“vlLntly''b?uidLs^°”s‘^^  affects  the  velocity  of  the  reaction  In 

BrOa  +  5Br  +  6Ht  =  JBr^  +  3H2O  (6),,  and 

H3ASO3  +  Br2  +  H2O  =  H3ASO4  +  2Br'’  +  2H^  (7) 


arsenlte  by  a  bromate.  The'  HCl 
concentrations  were  O.O5N,  O.IN, 
0.2N,  and  0.3N  for  Curves  1,  2 
(2aT,  5,  and  respectively. 
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are  ceveral  bur)dred  per  cent  higher.  Hence,  Equation  (5)  must  be  looked  upon  chief¬ 
ly  as  an  overall  expresolon  for  two  consecutive  reactions,  (6)  and  (7). 

The  variation  of  the  reaction  velocity  with  the  pH  Is  similar  In  a  sulfiirlc 
acid  medium,  but  the  reaction  is  slower  than  In  a  hydrochloric -add  medium  for 
equal  activity  of  the  l^ions. 

II.  Oxidation  of  an  Arsenlte  by  a  Chlorate  ~ 

All  the  theoretical  conditions  reported  for  the  foregoing  reaction  are  wholly 
applicable  to  the  present  case.  We  must  merely  bear  In  mind  that  a  chlorate  re¬ 
sists  the  action  of  ions  better  than  does  a  bromate,  which  is  evidently  why  the 
present  reaction  requires  a  still  more  acid  medium. 

The  research  method  used  was  the  same  as  in  the  previous  instance.  A  guaranteed 
preparation  of  Berthollet's  salt  served  as  our  chlorate.  The  test  results  indicate 
that  at  a  pH  ^  ^4^  (room  temperature)  the  reaction  in  question  does  not  take  place 
within  one  month.  Data  in  Fig,  2  indicate  that  the  reaction  velocity  becomes  per¬ 
ceptible  only  when  the  HCl  concentration  rises  to  2N.  Any  further  increase  in  acid¬ 
ity  raises  the  reaction  velocity  markedly.  No  auto- 
catalysis  is  observable  in  this  case.  Thus,  this 
reaction  requires  higher  acidity  of  the  medium  than 
did  the  previous  reaction. 

Ill,  Oxidation  of  a  Sulfite  by  a  Chlorate 

The  oxidized  form  of  the  reducing  system  in  this 
reaction  is  As  we  know,  this  form  acts  as  an 

oxidant  only  when  it  is  present  as  concentrated 
sulfuric  acid,  while  the  chlorate  behaves  like  the 
bromate.  These  facts  indicate  that  a  rise  in  the 
acidity  of  the  medium  will  promote  this  reaction. 

Research  Method 


Fig.  2.  Kinetics  of  oxidation 
of  an  arsenlte  by  a  chlorate. 
HCl  concentrations  2N,  5N^  and 
4n,  for  Curves  1,  2,  and  3^ 
respectlyely. 


We  know  that  a  sulfite  is  rapidly  oxidized  by 
atmospheric  oxygen  when  in  an  aqueous  solution. 

Hence  the  solutions  of  all  the  reagents  were  pre¬ 
pared  with  boiled  distilled  water,  while  any  air 
subsequently  entering  the  flask  containing  the 
water  first  passed  through  an  alkaline  solution  of 
pyrogallol.  The  prepared  solutions  were  kept  in  - 
small,  hermetically  sealed  flasksj  the  solution  in 

any  one  flask  was  used  for  only  one  test.  But  even  these  precautions  were  unable  to 
prevent  the  above-mentioned  side  reaction  entirely,  so  that  we  had  to  Judge  the  vel¬ 
ocity  of  the  reaction  involving  the  oxidation  of  the  sulfite  by  the  chlorate  chiefly 
by  the  change  in  the  concentration  of  the  chlorate  rather  than  that  of  the  sulfite. 
The  concentration  of  the  sodium  sulfite  was  0.11-0.1^,  that  of  the  potassium  chlor¬ 
ate  0,1  N,  and  that  of  the  hydrochloric  acid  varied  from  zero  to  IN.  The  vessel  con¬ 
taining  the  reaction  mixture  was  kept  in  a  thermostat  at  I5®  together  with  the  ves¬ 
sels  containing  the  original  solutions.  At  fixed  intervals  of  time  aliquot  parts  of 
the  reaction  mixture  (10  ml  each)  were  neutralized  with  sodium  bicafbonate,  then  an 
excess  of  O.IN  iodine  solution  was  added,  and 'the  residue  of  the  latter  titrated 
back  with  a  O.IN  solution  of  thiosulfate;  then  the  sulfite  that  had  not  reacted  with 
the  chlorate  was  similarly  determined.  The  results  of  this  determination  served  as 
an  index  to  the  progress  of  the  reaction,  ' 

The  residual  chlorate  in  the  back-titrated  samples  was  determined  according 
to  Kolthoff’ s  method  [®],  after  it  had  been  established  that  the  tetrathlonate  form 
ed  in  the  reaction  mixture  as  a  product  of  the  previous  determination  did  not  affect 
the  determination  of  the  chlorate. 


Research  results.  When  no  acid  was  present,  no  oxidation  of  the  sulfite  by 
the  chlorate  was  observed  f::ring  the  course  of  one  month.  Nor  was  this  reaction 
found  to  occur  duri.-g  rs  in  a  O.O25N  solution  of  hydrochloric  acid.  In  O.O5N 


Pne; 


HCl,  O.O5N).  ^  ^  4.4 

The  curves  representing  the  velocities  of  the  reactions  that  have  an  ijj'^^ction 
period  are  similar  on  the  whole;  one  of  these  curves  is  shown  in  Fig.  5  (Curve  l). 
The  numerical  value  of  the  pH  of  the  solution 
that  contained  O.O5N  HCl  and  0.1^  NagSOa  was 
approximately  4.5*  We  were  Interested  in  the 
.circumstance  that  no  oxidation  of  the  chlorate 
occurred  after  a  whole  day  in  a  buffer  solu¬ 
tion  with  the  same  pH  value  (a  O.5N  solution 
ofNaH2P04). 

■  The  nature  of  the  velocity  of  this  process 
and,  in  particular,  the  presence  of  an  induc¬ 
tion  period  may  be  explained  as  follows.  In 
the  initial  state  of  the  system,  the  numerical 
value  of  the  pH  does  not  ensure  this  process 
rate,  as  might  have  been  easily  observed,  but 
the  reaction  proceeds  nonetheless,  H"*"  ions  aa- 
cumulating  as  one  of  its  products: 

CIOs"  +  3HS03'  =  Cl“  +  3S0f  +  (8) 

It  is  not  impossible  that  a  side  reaction 
takes  place  involving  atmospheric  oxygen  at 
any  pH  value,  which  likewise  results  in  in¬ 
creasing  the  acidity  of  the  medium: 

O2  +  SHSOs"  =  2S0|“ 


p - 'Jo  Vo  #0  ^  Mih 

Fig. 3.  Kinetics  of  oxidation  of  a 
sulfite  by  a  chlorate,  HCl  con¬ 
centration  -0,05N,  0,075Ni  0,1N, 
^d  IK  for  Curves  1,  2,  3,  and  I?, 
respectively. 


2H+ 


(9) 


The  reaction  velocity  rises  as  the  H"*"  ions  accumulate.  But,  according  to  the 
Law  of  Mass  Action,  acceleration  of  the  reaction  must  change  in  sign  at  a  certain 
instant,  i,e,,  its  velocity  passes  through  a  maximum, 

InQ. 075nHCl  the  reaction  takes  place  without  any  induction  period  (Fig,  3, 
Curve  2),  Any  further  increase  in  the  acidity  of  the  solution  merely  increases 
the  velocity  of  the  given  reaction  slightly  (Fig,  3,  Curves  3  and  4),  Hence,  the 
oxidation  of  a  sulfite  by  a  chlorate  is  also  promoted  by  an  increase  in  the  acid¬ 
ity  of  the  wlution,  the  velocity  of  this  reaction  rising  suddenly  when  the  HCl 
concentration  rises  to  0,05N  (with^  a  0,1K  solution  of  Na2S03), 

..  N 

i  SUMMARY 

1,  A  study  has  been  made  of  the  effect  of  the  hydrogen-ion  concentration 
upon  the  reaction  velocity  of  the  oxidation  of  an  arsenite  by  a  bromate  and  a 
chlorate  and  of  a  sulfite  by  a  chlorate, 

,,44-  4*  found  th-.t  a  prognosis  regarding  the  variation  of  the  velo- 

city  of  these  reaction  with  the  pH  of  the  medium  that  is  based  upon  the  Lav  of 
Mass  Action  alone  is  not  borne  out  by  experiment, 

be  forecist^LrrL^r\^^°'^v^^^^  variation  of  the  reactions  with  the  pH  may 
be  forecast  correctly  by.  making  allowance  for  the  catalytic  action  of  the  H+ 

ions,  idiich  causes  deformation  of  the  bromate  and  chlorate  anions, 

at  all  ulliess  the  reactions  practically  do  not  take  place 

certain 

causes  a  sharp  Increase  in  the  reaction  rate.  ‘^ther  rise  in  the  acidity 
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RESEARCHES  ON  SYSTEMS  CONTAINING  FORMIC  ACID-  V. 


S.  P.  Rabak,  R.  P.  Airapetova  and  V.  V.  Udovenko 


Physical  ChenlEtry  Laboratory  of  the  Central  Aslan  State  DnlTerslty  and  Laboratory  of 
General  Chenistry  of  the  Samarkand  Institute  of  Medicine 

This  paper  presents  the  results  of  an  investigation  of  the  formic  acid  -- 
nicotine,  formic  acid  -  piperidine,  and  formic  acid  -  anahaslne  systems  by  the 
viscosity  and  density  methods,  , 

We  used  formic  acid  with  a  melting  point  of  8.5*,  nicotine  with  a  boiling 
point  of  111-112®  at  6  mm,  piperidine  with  a  boiling  point  of  IO5.8®  at  720  mm, 
and  anabasine  with  a  boiling  point  of  l40-l4l®  at  10  mm  in  this  research. 

Formic  Acid  -  Nicotine  System 

The  results  of  the  viscosity  and  density  measurements  at  25^  50,  and  75*0 
are  given  in  Table  1.  All  the  viscosity  isotherms  pass  through  a  sharply  marked 
meixlmum.  On  the  25®  viscosity  isotherm  the  maximum  lies  at  54  mol,^  of  nicotine, 
while  it  is  situated  at  51  mol.^  on  the  75*  isotherm.  Thus,  in  this  system  the 
viscosity  is  shifted  toward  the  less  viscous  constituent:  formic  acid.  Very  in- 
•  tense  heating  was  observed  when  the  mixtures  were  made,  especially  when  the  pro¬ 
portions  corresponded  to  those  for  the  maximum  on  the  viscosity  diagram,  (Fig.  l). 

Formic  Acid  -  Piperidine  System 

The  results  of  the  viscosity  and  density  measurements  at  25,  ^0,  and  75*C 
are  given  in  Table  2.  The  viscosity  Isotherms  shown  Xn  Fig.  2  pass  through  a 
marked  maximum,  located  at  52  mol.^  of  piperidine.  As  the  temperature  is “raised, 
the  maximum  on  the  viscosity  Isotherms  h^dly  shifts  at  all  along  the  axis  of  ab¬ 
scissas.  Intense  heating  was  observed  when  the  constituents  were  mixed,  which  is 
why  the  original  substances  were  first  chilled  before  mixing.  Mixtures  whose 
compositions  agreed  with  those  of  the  maxima  in  the  viscosity  graph  crystallized 
at  temperatures  that  were  below  10® . 

Formic  Acid  -  Anabasine  System 

The  results  of  the  viscosity  and  density  measurements  at  25,  ^0,  and  75*C 
are  given  in  Table  5*  The  viscosity  Isotherms  are  shown  in  Fig.  5,  >diere  only 
the  75®  Isotherm  is  shown  in  full.  The  viscosity  curve  for  75*  bas  a  singular 
point  at  50  mol.^.  We  were  unable  to  measure  the  viscosity  of  the  equlmolecular 
mixture  at  50®  or  25®,  as  the  viscosity  of  the  mixture  was  extraordinarily  high. 

The  constituents  were  chilled  before  the  mixtures  were  made  in  order  to  prevent 
excessive  heating,  which  would  cause  the  solution  to  turn  dark. 

The  sharp  maximum  on  the  viscosity  Isotherm  of  the  formic  acid  -  nicotine 
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TABLE  1 

Formic  Acid  -  Nicotine 


Mol.^  of 

VlBcoaltv 

Doneity 

nicotine 

25“ 

50" 

75" 

25" 

50“ 

ir- 

0.00 

1.5428 

0.9815 

0.6825 

•  •  1.1990 

1.1796 

1.1564 

7.22 

10.4794 

5.1128 

2.8991 

1.2167 

1.1948 

1.1682 

10.07 

15.9257 

6,9110 

5.6286 

1.2185  ■ 

1.1968 

1.1709 

11.58 

18.9870 

7.5485 

4.1171 

1.2170 

1.1961 

1.1678 

20.55 

45.6785 

15.8551 

7.0858 

1.1884 

1.1676 

1.1475 

24.95 

69.1276 

10.2927 

8 . 0566 

1.1784 

1.1524 

1.1332 

s6.il 

77.7541 

21.0044 

8.4595 

1.1769 

1.1528 

1.1329 

26.56 

81.2558 

21.5557 

8. 5468  .• « 

.1.1716 

1.1489 

1.1298 

50.56 

107.8897 

26.8927 

10.0551 

•  1.1607 

1.1404 

1.1200 

50.58 

109.8629 

27,2498 

10.5189 

•1.1589 

1.1594  ■ 

1.1189 

30.95 

112.2486 

27.3560 

10.5565 

1.1578 

1.1379 

1.1175 

51.86 

115.6579 

27,5275 

10.2474 

1.1571 

1.1569 

1.1157 

52.94 

116.1270 

26.8571 

9.7926 

1.1529 

1.1521 

1.1115 

35.33 

117.9098 

25.9154 

9.7017 

1.1515 

1.1509 

1.1115 

34.26 

119.1699 

26.2720 

8.7529 

1.1507 

1.1260 

1.1056 

34.42 

117.3447 

26.2196 

9.7604 

1.1484 

1.1254 

1.1048 

55.55  . 

114.8170 

25.5798 

9.4709 

1.1480 

1.1254 

1.1028 

56.62 

109.4042 

24.2507 

9.0519 

1.1452 

1.1199 

1.1004 

20.8496 

7.7813 

1.1319 

1.1110 

•1.0886 

50.05 

37.6467 

11.4266 

4.7785 

1.0953 

1.0733 

li0524 

58.51 

20.5651 

7.6102 

5.3052 

1.0704 

1.0466 

1.0252 

71.44 

10.1264  ■ 

5.9645 

2.1200. 

1.0460 

1.0254 

0.9995 

79.56 

2.9629 

1.6586 

1.0275 

1.0077 

0.9855 

88.60 

4.6957 

2.4215 

1.4554 

1.0146 

0.9969 

0.9742 

5.8942  1 

2.0576 

1.2626 

1.0068 

0.9670 

2 


Formic  Acid  ~  Piperidine 


Mol.  ^  of 
piperidine 

Viocoolty 

Density 

_ 

50“ 

75° 

25° 

50“ 

75° 

0.00 

1. 51+28 

0.9815 

0.6825 

1.1998 

1.1796 

1.1564 

10.31 

4.1595 

2.2675 

1.4493 

1.1664 

1.1504 

1.1285 

20.07 

9.0016 

4.4002 

2.6019 

1.1389 

1.1200 

1.1010 

J0.75 

16.8070 

7.3325 

5.8769 

1.1066 

1.0875 

1.067} 

41. 04 

32.7508 

12.2166 

6.2167 

1.0774 

1.0590 

1.0419 

44.11 

38.0514 

14.4649 

6.6915 

1.0674 

1.0506 

1.0304 

47.66 

48.0201 

17.1799 

7.4748 

1.0609 

1.0438 

1.0239 

50.35  • 

52.6698 

18.2871 

7.1080 

1.0571 

1.0340 

1.0147 

52.55 

57.5985 

19.2808 

8.5795 

1.0497 

1.0254 

1.0066 

S'*.  79 

•52.5687 

17.2106 

7.2316 

1.0405 

1.0216 

1.0004 

56.00 

40.0852 

15.2806 

6 . 8506 

1.0340 

1.0109 

0.9908 

56.43 

59.3624 

14.6845 

6.6682 

1.0304 

1.0101 

0.9900 

58.52 

54.9870 

12.3993 

6.2096 

1.0233 

1.0039 

0.9828 

■  60.57 

27.9457 

10.5611 

5.0027 

1.0116 

0.9915 

0.9758 

75.19 

8.7065 

4.0507 

2.2339 

0.9525 

0.9329 

0.9111 

85.76 

3.1215 

1.6803 

1.0107 

0.9054 

0.8782 

0.8562 

100.00 

1.5372 

0.8403 

0.5596 

0.8567 

0.8313' 

0.8063 

TABLE  5 

Formic  Acid  -*  Anabasine 


Mol.^  of 
anabasine . 

Viscosity  1 

1  Density 

25° 

50® 

750 

25“ 

50“ 

75“ 

0.00 

1.5428 

0.9815 

0.6825 

1.1998 

1.1796 

1,1564 

19.53 

98.3189 

27.0368, 

10.1411 

1.2049 

1.1844 

1.1605 

32.16 

657.1579 

140.6465 

32.0243 

l.r695 

1.1571 

1.1386 

49.81 

- 

190.^348 

- 

- 

1.1000 

62.36 

4112.6965 

2424.2071 

38.9524 

1.1159 

1.0970 

1.0720 

76.91 

336.3152 

44.3587 

11.7879 

1.0768 

•  1.0626 

1.0426 

100.00 

25.1976 

7.1585 

3.1541 

1.0427 

1.0237 

1.0003 

k 


system  (Fig.  1)  located  at  approximately  33  mol.^ 
of  nicotine,  testifies  to  the  formation  of  a  chem¬ 
ical  compound.  This  is  also  indicated  by  the 
large  amount  of  heat  liberated  when  the  constit¬ 
uents  are  mixed..  In  this  system  the  constituents 
react  together  in  the  liquid  phase  to  form  a  com¬ 
pound  with  the  formula  2HC00H“CioHi4N2*  The  for¬ 
mic  acid  —  nicotine  system  is  like  the  chloral  — 
water  system  I i ] .  As  in  the  chloral  -  water  sys^ 
tern,  the  maxima  on  the  viscosity  Isotherms  are 
slightly  shifted  toward  the  less  viscous  constit¬ 
uent  as  the  temperature  is  raised.  This  shift  of 
the  maximum  along  the  axis  of  abscissas  toward  the 
formic  acid  may  be  due  to  the  fact  that  the  com¬ 
pound  that  is  formed  is  partially  dissociated 
into  its  constituents  as  the  temperature  rises, 
or  by  the  fact  that  nicotine  has  a  higher 
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temperature  coefficient  of  vlBcoslty  than  formic  acid.  Yet  we  know  that  In  oome 
caoco  the  vlocoolty  maximum  may  aloo  be  shifted  when  the  compound  that  la  formed 
reacts  with  one  of  the  constituents  [2].  This  shift  of  the  maximum  may  take 
place  either  as  the  result  of  the  action  of  one  of  these  factors  or  because  of 
any  combination  of  them;  the  latter  apparently  was  true  In  our  Instance. 

The  shape  of  the  viscosity  Isotherms  of  the  formic  acid  -  piperidine  system 
resembles  those  In  the  formic  acid  -  pyridine  system  [3].  As  In  the  formic  acid  - 
pyridine  system,  the  sharply  marked  maxima  on  the  viscosity  Isotherms  of  the  formic 
acid  -  piperidine  system  are  shifted  somewhat  from  the  rational  proportion  of  the 
components  and  exhibit  practically  no  shift  with  a  change  In  temperature.  The 
compound  that  is  formed  with  the  evolution  of  considerable  heat  is  completely 
stable  and  can  be  crystallized  at  a  temperature  below  10* .  An  equlmolecular  com-  ' 
pound  Is  formed  In  the  formic  acid  -  anabaslne  system,  as  Is  indicated  by  the 
singular  point  on  the  75®  viscosity  Isotherm  (Fig.  5)*  A  thick,  extremely  vis¬ 
cous  mass  results  when  the  constituents  are  mixed  together.  As  the  ‘temperature. 

Is  lowered,  the  equlmolecular  mixture  of  the  components  of  this  system  grows  tur¬ 
bid  end  is  transformed  into  a  hyaline  mass,  but  does  not  crystallize.  Apparently, 
we  did  not  employ  suitable  conditions.  If  the  correct  conditions  are  found,  we 
ought  to  be  able  to  produce  the  equlmolecular  compound  of  this  system  in  crys¬ 
talline  form.  It  is  worthy  of  note  that  anabaslne  adds  one  molecule  of  acid 
when  two  basic  nitrogen  atoms  are  present,  whereas  nicotine  adds  two  molecules 
of  the  acid  when  two  basic  nitrogens  are  present. 


SUMMARY 

1.  A  study  has  been  made  of  the  formic  acid  -  nicotine,  formic  acid  -  piper¬ 
idine,  and  formic  acid  -  anabaslne  systems  by  the  viscosity  and  density  methods 
at  25,  50,  and  75®C. 

2.  It  has  been  found  that  formic  acid  forms  a  compound  'with  the  formula 
2HC00H*CioHi4N2  with  nicotine,  with  the  formula  HCOOH-CsHuN  with  piperidine, 
and  with  the  formula  HC00H‘CioHi4N2  with  anabaslne. 
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THE  PHYSICO-CHEMICAL  ANALYSIS  OP  TERNARY  AQUEOUS  SYSTEMS 
CONSISTING  OF  FLUORIDES  OF  THE  ALKALI-EARTH  METALS  AND 
FLUORIDES  OP  THE  ALKALI  METALS 


I.  THE  TERNARY  SYSTEMS  naP^-KP-HjO  AND  RaPa-NaF-HaO  AT  25° 


Sh.  T.  Talipov  and  V. .A.  Khadeev 

Chair  of  Analytical  Cheolstry,.  Central  Aslan  State  DnlTerslty,  Tashkent 


The  elaboration  of  new  fluorometrlc  methods  in  analytical  chemistry  demands 
the  fullest  and  manysided  study  of  various  properties  of  the  simple  and  complex 
fluorides,' mainly  their  solubilities,  their  stability,  and  the  conditions  govern¬ 
ing  their  formation  in  aqueous  solutions.  This  study  can  be  best  accomplished  by 
the  methods  of  physico-chemical  analysis  of  the  aqueous  systems  comprising  the 
fluorides  and  other  electrolytes. 

We  have  made  a  systematic  study  of  ternary  aqueous  systems  vith  fluorides 
of  the  alkali-earth  metals. 

This  report  presents  the  results  of  our  research  on  the  systems  BaF^  —  KF  - 
-  H2O  and  BaF2  “•  NaF  -*  H2O  at  25°. 

We  have  been  unable  to  find  a  single  paper  in  the  literature  on  ternary  aq¬ 
ueous  systems  with  barium  fluoride  and  an  alkali  metal  or  ammonia. 

J  The  anhydrous  system  BaF2  ”  KF  has  been  Investigated  by  means  of  the  fusi- 

bility  method  by  Bonashek  and  Bergman  in  19^7  [^]«  Grube  [2]  investigated  the 

-  BaF2  “  NaF  system  in  192?,  likewise  by  means  of  the  fusibility  method.  Both  of 

•  these  are  simple  eutectic  systems.  Grube 's  results  have  recently  been  corrobor- 

i  ated  by  Bonashek  and  Bergman  [3].  But  the  absence  of  the  formation  of  double 

■  salts  in  anhydrous  systems-  af  high  temperatures  by  no  means  Implies  that  they 

cannot  be  formed  in  aqueous  systems  at  low  temperatures.  Nor  have  we  any  data 

*  on  the  solubility  of  BaF2  in  KF  or  NaF  solutions.  The  figures  in  the  literature 
on  the  solubility  of  BaF2  in  pure  water  given  by  various  authors  differ  fairly 
appreciably. 

.EXPERIMENTAL 

Constituents.  The  barium  fluoride  was  prepared  from  Kalhbaum  barium  carbon¬ 
ate  and  hydrofluoric  acid,  twice  redistilled  in  a  platinum  still.*  The  re¬ 
sulting  moist  BaF2,  which  contained  an  excess  of  HF,  was  dried  out  ever  a  water 
bath  and  then  slightly  calcined  until  all  the  adsorbed  HF  had  been  driven  off. 
Analysis  of  the  finished  preparation  indicated  that  it  contained  BaF2. 

Tte  hydrofluoric  Ecid  vras  purified  in  the  analytlcEl  chenilstry  laboratory  of  the  Institute  of  General  and 
Inorganic  Chemistry  cf  the  USER  Academy  of  Sciences. 
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Tho  potanoliun  und  eodluirt  fluorldoo  were  prepared  by  accurate^  neutralizing 
dilute  with  cauotlc  potaoh  and  cauotlc  soda,  reopcctlvely,  ag^nat  phcnolphth- 
aleln.  (Both  of  theoe  alkalies  were  of  Kalhbaura  manufacture.)  ^e  KF  and  Naf* 
solutions  produced  by  neutralization  served  as  the  initial  solutions  for  the  pre¬ 
paration  of  solutions  of  the  requisite  concentration  by  evaporation  or  dilution. 

All  the  solutions  were  made  up  with  double-distilled  water  (irom  a  still  fitted 
with  a  tin  condenser). 

Operational  method.  We  investigated  the  equilibrium  of  the  BaFg  -  KF  -  H2O 
and  BaF2  ~  NaF  H2O  systems  at  25"  by  the  usual  solubility  method,  consisting 
of  keeping  a  series  of  mixtures  of  the  constituents  in  various  proportions  for  a  . 
rather  long  time  in  a  thermostat,  after  which  the  saturated  solution  and  the 
solid  phase.  Impregnated  with  the  mother  liquor,  were  analyzed.  The  composition 
of  the  anhydrous  solid  phase  was  determined  from  these  data  by  means  of  the 
Schreinemakers  method. 

I 

The  solutions  were  saturated  in  a  special  device,' 

'illustrated  schematically  in  Fig.  1.  The  initial  mix¬ 
ture  of  components  was  placed  in  the  flask  of  the  de-  ^  f  p 

vice,  with  a  capacity  of  some  ^00  ml,  and  well  stirred  ■ 

with  a  spiral  stirrer,  set  in  rapid  motion  by  a  motor. 

The  other  parts  of  the  device  shown  in  the  diagram 
served  in  taking  samples  of  the  solution  and  the  moist 
precipitate.  .  •  V 

When  suction  was  applied  to  the  tube  projecting  J  \jl  ^5 

upward  from  the  glass  hood,  the  saturated  solution  to-  S  jK 

gether  with  solid-phase  particles  suspended  in  it  rose  A  // )  ^r/  '¥ 

through  the  siphon  tube  into  the  hood,  where  it  dropped  \  v  //  / 

into  a  small  funnel  containing  a  dry  filter.  The  fil-  \  ()  //  /  ^^  ^ 

tered  solution  was  collected  in  the  receiving  flask,  .  \  A // /^^ 

with  a  capacity  of  some  25O  ml,  attached  to  the  hood  by  1 

a  rubber  stopper.  '  / 

The  funnel  may  easily  be  withdrawn  from  the  neck 
of  the  receiving  flask  and  reinserted  therein  without 
disassembling  the  device,  by  means  of  the  long  wire  Device  for  de-- 

attached  to  it,  which  passes  through  the  tube  project-  termining  solubility, 

ing  upward  from  the  hood. 

1-Flask  for  the  solution  to  be 

saturated  filSk'for 

solutions  completely  freed  of  solid-phase  particles,  filtered  solution;  6-mercury 

with  the  temperature  kept  rigidly  constant  throughout 
the  operation.  At  the  same  time  as  the  samples  of  the 
solution  were  being  taken,  a  sufficient  quantity  of  the 

after  "as  collected  on  the  filter,  part  of  It  being  used  for  analysis 

disassembled.  Because  it  was  so  easy  to  shift  the  funnel 

Of  thf fmme  leU^'tL*'*"  the  first  runnings 

the  Lch  o^h^re^e^vJng  nash?  * 

Of  the°de"c"*v«h  Sr^cfptlon  of^thHoor  "IP-tles,  all  parts 

layer  of  paraffin  All  ^  coated  on  the  inside  with  a 

tlons  and  the  samples  taken  were  llSvlsf  p^^?taedf“ 

therm^^S  so'th^r^e^eaterLveiln  Se 

the  upper  edge  of  the  siphon  tube  higher  than  the  hood  or 

at  25-  ±  0.^  by  means^of  rt:fu:;e 


8l4 


Wlicn  ihe  receiving  flank  had  been  filled  with  the  filtered  saturated  solu¬ 
tion,  the  device  was  dlGnssembled,  and  some  of  the  solution  was  taken  for  determ¬ 
ination  of  Its  specific  gravity  at  25®,  The  rest  of  the  solution  was  transferred 
to  a  paraffined  flask,  weighed,  and  reserved  for  analysis.  Samples  of  the  moist 
precipitate  were  taken  with  a  small  celluloid  spatula  from  the  deposit  on  the 
filter  paper  Immediately  after  the  funnel  was  removed  from  the  device,  transferred 
to  a  covered  platinum  crucible,  weighed,  and  then  analyzed  to  determine  all  Its 
constituents. 

The  procedure  used  In  making  up  the  Initial  mixtures  of  the  constituents 
was  as  follows  In  most  cases, 

A  solution  of  an  alkali  fluoride,  whose  titer  was  known  accurately,  was 
added 'from  a  gravimetric  buret  to  a  fixed  weight  of  saturated  BaF2  solution  In 
water.  The  ratio  of  the  weights  of  the  solutions  to  be  mixed  together  was  so 
chosen  as  to  produce  a  solution  of  the  desired  concentration  of  alkali  fluoride. 
When  the  solutions  -were  mixed  together,  a  precipitate  invariably  settled  out  as 
a  fairly  stable  suspension.  I,  Tananaev  and  E.Delchman  [4]  have  pointed  out  the 
advantages  of  such  a  procedure  for  mixing  the  constituents,  which  transforms  the 
system  from  a  supersaturated  state  Into  an  equilibrium  state. 

In  some  of  our  tests  we  employed  the  opposite  sequence  of  saturation  steps, 
in  which  the  system  attained  equilibrium  from  the  unsaturated  state.  This  was 
done  by  adding  a  small  quantity  of  solid  BaFg  to  a  solution  of  the  alkali  fluor¬ 
ide  whose  concentration  was  known,  after  which  the  mixture  was  placed  in  a  therm¬ 
ostat  and  subjected  to  constant  vigorous  stirring.  The  agreement  of  the  results 
obtained  by  both  procedures  was  further  confirmation  that  the  system  had  reached 
true  equilibrium. 

Investigation  of  the  two  systems  was  begun  with  the  solutions  with  the 
highest  concentrations  of  the  alkali  fluoride,  inasmuch  as  it  was  under  these 
conditions  that  any  formation  of  new  solid  phases,  distinct  from  BaFg  and  MeF, 
would  be  detected  most  readily.  In  view  of  the  slowness  with  which  equilibrium 
was  established  when  we  passed  from  one  solid  phase  to  another,  we  set  the  time 
that  the  mixtures  were  kept  as  two  months'*  In  the  experiments  in  which  they  con¬ 
sisted  of  a  solution  of  the  alkali  fluoride  and  solid  BaF2.  When  the  mixture 
was  made  up  of  a  saturated  solution  of  EaF2  ia  water  and  a  solution  of  the  alk¬ 
ali  fluoride,  we  were  working  with  a  freshly  precipitated  solid  phase  that  was 
stable  under  the  given  conditions,  and  in  this  case  the  mixtures  were  kept  In 
a  thermostat  for  1  to  2  days. 

In  determining  the  solubility  of  Bal’2  in  low-concentration  solutions  of 
the  alkali  fluoride,  the  required  minimum  thermostat  time  was  established  by 
means  of  special  tests,  which  showed  that  the  BaF2  concentration  In  the  solution 
becomes  practically  constant  within  8-10  hours,  no  matter  what  method  Is  used  in 
mixing  the  constituents.  For  this  reason  we  kept  the  mixtures  in  the  thermostat 
for  10-12  hours  in  our  experiments  to  measure  the  solubility  of  BaF2« 

The  samples  of  the  saturated  solutions  and  the  moist  precipitates  were 
analyzed  to  determine  their  BaF2  and  MeF  content  by  converting  the  fluorides 
Into  sulfates,  determining  the  aggregate  weight  of  the  sulfates,  and  then  de¬ 
termining  the  weight  of  the  BaS04  separately. 

In  every  case  the  barium  sulfate  was  freed  of  the  coprecipitated  sulfate 
of  the  alkali  metal  by  the  procedure  laid  down  in  the  Hillebrand  and  Lendell 
manual  [s].  The  percentage  of  water  in  the  moist  precipitates  was  determined 
by  desiccating  the  samples  at  150“  for  the  systems  containing  sodium  fluoride 

"^Ite  prepared  mixtures  cf  KP  cr  NaF  solutions  and  solid  BaF2  were  saturated  for  Bioct  of  this  time  in 
paraffin- coated  bottles^  in  which  they  were  continuously  stirred  by  a  motor,  and  then  they  were  trans¬ 
ferred  to  the  de.  iwC  used  to  dote*'n'‘.ue  their  solubility. 
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potaoolura  fluorides  It  was  found  to  contain  upon  analysis. 

A  check  of  the  procedure  we  adopted  for  analyzing  solutions  consisting  of 
synthetic  mixtures  Indicated  that  the  percentage  error  in  our  determinations  of 
the  amount  of  BoFz  in  the  solutions  ranged  from  0.2^  to  2^  at  concentration 
the  alkali  fluoride  that  did  not  exceed  0.05  mol  per  liter. 

The  percentage  error  rose  as  high  as  8^  for  the  highest  concentrations  of 
the  MeF  at  which  the  solubility  of  BaF2  was  determined. 

Experimental  Results  and  Their  Evaluation 
The  BaFg  -  KF  -  HpO  System 


The  composition  of  the  solutions  and  the  respective  moist  precipitates,  eX' 
pressed  in  per  cent  by  weight,  are  shown  graphically  in  the  triangular  diagram 


of  Fig.  2. 
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Fig.  2.  Composition  of  the  solu¬ 
tions  and  the  moist  precipitates 
in  the  BaF2  —  JCF  -  H2O  system  (% 
by  weight) , 


Fig.  Solubility  of  BaF2  in 
the  BaF2  —  KF  —  H2O  system. 


As  is  seen  from  inspection  of  the  diagram,  all  the  nodes  practically  con¬ 
verge  at  the  vertex  of  the  triangle  representing  100^  BaF2,  even  for  the  highest 
concentrations  of  the  potassium  fluoride  in  the  solution. 


Thus,  it  must  be  admitted  that  no  double  salts  or  solid  solutions  occur  in 
this  system  at  25*.  The  values  of  the  solubility  of  barium  fluoride  in  a  solu- 
li  t  d°i^^T'^b^  various  concentrations  of  potassium  fluoride  obtained  by  us  are 


^  solubility  of  barium  fluoride  in  pure  water  is  close  to 

much  Kohlrausch  by  the  electrical  conductance  method  and  is 

much  higher  than  the  value  found  by  Carter. 


According  to  Kohlrausch  [®], 
liter  at  25.75%  while  Carter  [vl 
liter  at  25® . 


the  solubility  of  BaF2  is  9.20* lO"^  mols  per 
gives  its  solubility  as  5.l8*10“3  mols  per 


The 


solubility  of  barium  fluoride  as  a  function  of  the  concentration  of  the 
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TABLE  1 


Bolublllty  of  BoFg  In  Solutions  of  KF  and  the  Values  of  Lpg^  ; 


L  _ti  P  ;  and  L* 
aBuFa.^  asoFa 


^eet 
No  ■ 

Concentration  of 
KF.  in  solution, 
mols/llter 

1  Solubility  of 
BaFg,  mols/ 
liter 

T  *10® 

^PBaFa 

‘ 

L”  •  IC^ 

aBoFa 

1 

0.0 

9.23* 10“3 

5.35 

0.965  . 

1.05 

2 

3.002-10'‘* 

9,10-10"3 

3.18 

0.993 

1.06 

3 

1.233-10'^ 

8,71*10"^ 

3.03 

■  0 . 955 

1.02 

4 

5.028-10"3 

7.75*10"^ 

3.28 

1.01 

1.09. 

5 

7.031*10"3 

7.13*10“^ 

3.23 

0.995 

1.07 

6 

1.087* 10"2 

6.20-10“^ 

'  3.36 

1..01 

1.09 

7 

2.081*10"2 

4.36-10"^ 

3.80 

,  1.05 

1.14 

8 

2.480*10”^ 

3.43-10’^ 

3.44 

0.931 

1.02 

9 

5.011*10‘’2 

1.60 -10 

‘‘•55 

0.887 

1.01 

10 

7.256*10"^ 

1.13*10“3 

6.33 

0.925 

1.11 

11 

1.001-10'^ 

7.5  *10"^ 

0.802 

1.05 

12 

1.096*10"^ 

6.7  -lO”-* 

8.24 

0.802 

1.04 

13  * 

1.507* 10"^ 

5.4'  -lO"-*^ 

12.5 

0.818 

1.16 

J.4 

2.coa*io~^ 

4.0  -10”^ 

16.3 

0.865 

1.12 

15 

2.571-10'^ 

3.0  •ID"'* 

19.9 

0.575 

1.02 

16 

5.V5-10*‘  j 

3.0  '10"^ 

35.7 

0.650 

1.35 

IT. 

5.020- 10"^  1 

2.2  -lO"-*  ■ 

55.5 

0.413 

1.17 

potassium  fluoride  Is  shown  graphically 
In  Fig.  and  on  a  larger  scale  in  Fig.. 
4  for  low  KF  concentrations. 

As  the  tabular  data  and  the  fig¬ 
ures  Indicate,  the  solubility  of  BaFs 
drops  rather  rapidly  as  the  concentra¬ 
tion,  of  KF  rises,  especially  at  low  con¬ 
centrations  of  the  latteuTc  But  even 
at  a  KF  concentration  of  O.5  mol  per 
liter  It  is  too  high  from  the  analytical 
point  of  view.  With  a  view  to  the  quan¬ 
titative  examination  of  the  problem  of 
the  solubility  of' barium  fluoride  at 
various  degrees  of  excess  of  potassium 
fluoride,  we  beran  by  computing  the  mag¬ 
nitude  of  the  solubility  product  from 
our  experimental  data;  this  product 
could  be  used  as  an  indication  of  the 
degree  to  which  the  usual  rule  of  solu¬ 
bility  products  is  applicable  to  this 
case.  We  computed  this  product  from 
the  equation: 


^'PBaFp  SaF; 


Fig.  4.  Solubility  of  BaFg  in  the 
BaFg  —  KF  —  HfiO  system'  at  low  con¬ 
centrations  of  KF. 


(2C 


BaFa 


(1) 


where 


Table 


and  CjQ|i  are  the  concentrations  of  the  fluorides  in  mols  per  liter. 


CfiaFs 

The  values  of  obtained  by  computation  are  listed  in  Coliamn  4  of 

Inspection  of  the  table  shows  that  uhe  value  of  Lp^aFo  coru>inered 


fnirlv  conotant  only  up  to  a  KF  concentration  of  0.01  mol  per  liter.  An  ^be  KF 
coiciJItraJlon  1b  InL-aBcd  ntill  further,  the  aolublllty  product  rlaea  rapidly, 
even  changing  Ito  order  of  magnitude. 

Thus,  the  eolublllty  product  rule  may  be  used  to  precalculate  the  solu¬ 
bility  of  BaF2  when  KF  Is  present  In  excess  only  when  the  concentration  of  the 
latter  Is  low,  not  exceeding  0.01  mol/llter. 

We  also  tried  to  check  the  applicability  of  the  Debye-lTuckel  theoretical 
fdrmula  for  the  activity  coefficient  of  on  electrolyte  In  computing  the  solubility 
of  BaFg  when  KF  Is  present,  as  was  done  for- PbS04  In  the  papers  by  I.Y.Tananaev 
and  I.B.Mlzetskaya  [8,b]. 

-We  did  this  by  calculating  the  values  of  j  the  constant  of  the 

Ion  Activity  product,  from  the  experimental  values  of  the  solubility  of 

BaFa  when  KF  Is  present. 

The  computations  were  made  with  these  formulas: 

^'.QBaFg  “  %aF2  “  ^-^^^^SaFa  ^KF  . 


L  asaFa  '  Wa  1  +  0.35a  c-  (3) 


derived  from  the  thennodynamlcal  equation;  • 

^aFa  *  ^  ^asaFa 

and  from  the  well-known  Debye -Huckel  formulas  for  the  activity  coefficient  in  the 
first  and  second  approximations. 

The  sum  under  the  radical  sign  In  Equations  (2)  and  (5)  represents  the 
lonicity  of  the  solution. 

The  value  of  the  constant  a  In  the  denominator  of  Equation  (3)  was  de¬ 
termined  at  two  experimental  points;  the  solubility  of  BaFa  In  pure  water  and  in 
a  KF  solution  with  a  concentration  of  1.001*10"^  mol  per  liter.  These  points 
gave  a  value  of  1.12  A  for  a.  '  ’• 

The  values  of  the  constant  of  the  activity  product  computed  from  Equa¬ 
tions  (2)  and  (3)  are  listed  In  Columns  5  and  6  of  Table  1.  ' 

As  indicated  by  the  figures  In  Table  1,  the  magnitude  of  ex¬ 

hibits  satslfactory  constancy  only  at  KF  concentrations  that  do  not 
exceed  approximately  O.O5  mol/liter,  after  which  It  begins  to  fall  off  apprecia¬ 
bly.  The  value  of  ^"agoPg^  other  hand  exhibits  satisfactory  constancy 

at  all  the  KF  concentrations  in  the  range  investigated  by  us. 

Thus,  the  Debye-Huckel  formula  for  the  activity  coefficient  may  be  used 
in  its  second  approximation  with  sufficient  accuracy  to  precalculate  the  solubil¬ 
ity  of  BaF2  at  concentrations  of  KF  as  high  as  0.5  mol  per  liter. 

Using  a  value  of  1.05-10"®  for  and  a  =  I.I5,  we  computed  the 

solubility  of  BaF2  for  several  values  of  Ckf  from  Equation  (3),  using  the  method 
of  successive  approximations.  Our  resulting  data  were  used  to  plot  a  curve  of 
the  variation  of  CBaF2  with  Ckf,  which  is  drawn  as  a  solid  line  in  Figs.  3, and 

®  function  of  Ckf  on  the  basis  of  the 

tbP  plotted  as  dashed  lines  in  these  curves  for 

the  sake  of  comparison.  o 
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Ao  the  flguroo  Indlcnte,  the  experimental  polnto  lie  clooe  to  the  curve 
plotted  from  Equation  (^).  The  slight  deviations  of  the  experlmsntal  points  may 
be  attributed  to  errors  in  analysis. 

The  BoFp  —  KolF  H?0  System 

The  triangular  diagram  of  this  system  Is  shovm  in  Fig.  5. 

The  diagram  shows  that  all  the  three  nodes  practically  converge  at  the  ver¬ 
tex  corresponding  to  pure  BaFg. 
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Fig.  5*  Composition  of  the 
solutions  and  the  moist 
precipitates  in  the  BaF2  “ 
NaF  -  H2O  system  in  ^  by 
weight. 


^  0  jo  TP  30 

Fig.  6.  Solubility  of  BaF2 
in  the  BaF2  ”  NaF  -  H2O 
system. 


In  this  system,  therefore,  as  in  the  preceding  one,  no  new  solid  phases, 
distinct  from  BaF2  and  NaF,  are  formed. 

As  may  be  seen  from  the  data  in  Table  2  and  Fig.  6,  the  variation  of  the 
solubility  of  barium  fluoride  with  the  concentration  of  sodium  fluoride  resem¬ 
bles  that  prevailing  in  the  system  containing  potassium  fluoride.  It  might  be 
added  that  at  the  highest  concentrations  of  the  alkali  metal  fluorides  the  sol¬ 
ubility  of  BaF2  is  systematically  somewhat  higher  when  NaF  is  present  than  in' 
the  presence  of  KF.  There  is  no  doubt  that  this  difference  i^  the  BaF2  solub¬ 
ility  would  be  even  more  msirked  at  still  higher  concentrations  of  KF  and  NaF. 
Unfortunately,  we  were  unable  to  measure  the  solubility  of  BaF2  in  more  highly 
concentrated  solutions  of  KF  and  NaF  because  of  the  sharp  drop  in  the  accuracy 
of  these  determlriatlons  when  using  the  method  of  analysis  we  had  adopted. 

As  for  the  preceding  system,  we  computed  the  values  of  ^%aF2 

-r.  from  our  experimental  data  on  the  solubility  of  BaF2  when  NaF  is  present. 

“BaF  2 

We  took  the  same  values  for  the  constant  a  in  the  formula  for  the  activity  coef¬ 
ficient  that  had  been  used  In  computing  for  the  BaF2  -  KF  -  H2O  system. 

Inasmuch -as  the  changes  in  the  solubility  of  the  BaF2  follow  practically  the 
same  course  in  both  instances.  The  computational  results  eire  listed  in  Tabic  2. 

As  the  figures  in  Table  2  indicate,  the  value  of  exhibits  the  most 

satisfactory  constancy  throughout  the  Investigated  range  of  NaF  concentrations. 
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TABLE  2 


Solubility  of  BaFa  In  Solutlono  of  Nrf  and  t*;® 

of  IpBoFa'  ^ 


f''“BaI'a’  ^"“BoFa 


Test 

No. 

Concentration  of 
NaF  in  solution, 
mols/llter 

Solubility  oJ 
BaF  2 , 

mols/llter 

1 

0.00 

9.23*10'^ 

2 

1.051*  10‘'‘ 

9.05*10  ® 

5 

5.112*  10““* 

8.89*10  3 

4 

1.010*10“^ 

8.76*10  3 

5 

5.601*10“^ 

7.13*10  ®  • 

6 

1.010*10“^ 

6.04*10  ^ 

7 

1.941* 10"2 

4.00*10  ® 

8 

•2.541*10'^ 

3.40*10  ® 

9 

3.340* 10"^ 

2.36-10  ^ 

10 

3.902* 10“2 

2.08*10  3 

:  11 

5.020*10“^ 

1.64*10  ^ 

12 

5.281* 10“2 

1.42*10“® 

13 

1.023*10"^ 

8.1  *10  ^ 

14 

1.521*10'^ 

5.0  *10  ^ 

15 

2.050*10"^ 

4.2  *10  ^ 

16 

2.563-10“^ 

3.9  *10  ^ 

17 

3.076*10"^ 

3.1  *10"'^ 

18 

4.23  -10“^ 

2.7  *10  ^ 

19 

6.03  -lO"^ 

•1.6  'lO”'* 

hBaF2^^^ 

L'  *  10® 

^  aBQF2 

3.15 

0.99 

1.05 

2.99 

0.95 

1.01 

2.97 

0.94 

1.01- 

3.01 

0.95 

1.02 

2.81 

0.89 

0.96 

2.97 

0.92 

0.99 

3.00 

.  0.87 

0.94 

3.53 

0.95 

1.03 

3.^3 

•  0.84 

0.93 

3.88 

0.88 

0.98 

4.69 

0.91 

1.04 

4.40 

0.83 

0.95 

8.75 

0.91 

•1.17 

13.28 

0.86 

1.23 

17.79 

0.75 

1.19 

25.78 

0.75 

1.32 

29.45 

0.61 

1.20 

48.49 

0.52 

1.27 

58.20 

0.26 

0.89 

The  variation  of  the  BaFa  Bolutility  with  the  NaF  concentration  is 
plotted  by  solid  and  dashed  lines  in  Fig.  6,  according  to  equations  that  are 
analogous  to  (3)  and  (l),  respectively. 

Here,  too,  the  experimental  points  lie  close  enough  to  the  solid  line. 

SUMMARY 

1.  A  study  has  been  made  of  the  equilibrium  in  the  BaF2  —  KF  —  HgO  and 
BaFg  -  NoF  -  H2O  systems  at  25®.  By  use  of  the  Schreinemakers  method  of  anal¬ 
yzing  saturated  solutions  and  moist  precipitates  it  was  found  that, neither  binary 
salts  nor  solid  solutions  are  formed  in  either  system. 

2.  The  25*  isotherm  of  the  solubility  of  barium  fluoride  in  the  BaF2 
~KF  ~  H2O  and  BaF2  “  NaF  H2O  systems  has  been  explored  as  far  as  a  maximum 
concentration  of  C.5  mol/liter  of  the  alkali  fluorides. 

3*  It  has  been  shown  that  it  is  possible  to  make  a  perfectly  satis¬ 
factory  precalculation  of  the  solubility  of  BaF2  in  KF  and  NaF  solutions  by  em¬ 
ploying  the  Debye-Hiickel  theoretical  formula  for  the  activity  coefficient  in  its 
second  approximation,  provided  the  constant  a  is  'computed  from  two  experimental 
points  that  are  not  too  close  together. 

In  conclusion,  I  wish  to  express  my  sincere  gratitude  to  Prof.  I.V.Tan- 
anaev  for  his  advice  and  valued  guidance  in  the  performance  of  this  research*. 
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THE  PHYSICO  CHEMICAL  ANALYSIS  OP  TERNARY  AQUEOUS  SYSTEMS 
CONSISTING  OF  FLUORIDES  OP  THE  ALKALI-EARTH  METALS  AND 

MAGNESIUM  AND  FLUORIDES  OP  THE  ALKALI  METALS 
II...  THE  TERNARY  SYSTEMS:  SrPa-KF-Ha.0  AND  SrPa-NaP-HaO  AT  25°  - 


Eh.  T-.Talipov  and  V.  A.  Khadeev 

Chair  of  Analytical  Cbenlatry,  Central  Aslan  State  Un Irersl ty , •  Tashkent 

In  oiir  preceding  report  [i]  on  ternary  aqueous  systems  with  BaFz,  and 
NaF,  we  pointed  out  the  reasons  that  led  us  to  engage  In  a  systematic  study  of 
the  methods  of  solubility  of  aqueous  systems  consisting  of  difficultly  soluble 
fluorides  of  the  alkali-earth  metals  sind  magnesium  and  fluorides  of  the  alkali 
metals. 

In  the  present  paper  we  report  the  results  of  our  Investigations  of  two 
ternary  systems  containing  strontium  fluoride  and  potassium  and  sodium  fluorides, 
respectively. 

Insofar  as  we  have  been  able  to  learn,  there  Is  not  a  single  paper  In  the 
literature  on  these  systems.  Nor  has  anyone  done  any  research  on  the  binary 
systems  SrF2  —  KF  and  SrFg  “  NaF.  Several  authors  give  figures  for  the  solubil¬ 
ity  of  SrFs  In  pure  water,  \dilch  differ  considerably.  These  discrepancies  are 
apparently  due  In  the  main  to  differences  In  the  original  preparations  of  SrF2 
employed. 


EXPERIMENTAL 

Constituents.  The  preparation  of  the  Initial  solutions  of  potassium  and 
sodium  fluorides  has  been  described  In  the  preceding  report.  The  strontium 
fluoride  was  synthesized  from  chemically  pure  strontium  carbonate  and  chemically 
pure  hydrofluoric  acid.  Analysis  of  the  final  preparation  Indicated  It  con¬ 
tained  99.92^  SrF2. 

Procedure.  The  experimental  technique  was  In  the  main  the  same  as  that 
used  In  our  Investigation  of  systems  containing  beirlum  fluoride;  It  has  been  des¬ 
cribed  In  detail  In  the  previous  report  [1].  The  system's  components  were  mixed 
together  In  two  different  ways,  making  It  possible  to  approach  the  state  of 
equilibrium  from  two  opposite  directions:  from  the  unsaturated  state  and  from 
the  supersaturated  state. 

In  the  first  method,  used  In  most  of  oiir  tests,  a  small  quantity  of  solid 
SrF2  vas  added  to  a  solution  of  the  alkali  fluoride  of  known  titer,  after  which 
the  system  was  kept  In  a  thermostat  with  constant  vigorous  stirring.  In  the 
second  method,  a  certain  quantity  of  a  titrated  solution  of  the  alkali  fluoride 
was  added  to  a  saturated  solution  of  SrF2  in  water,  which  always  contained  a 
slight  excess  of  solid  SrF2  in  suspension  in  it. 

To  determine  whether  new  solid  phases  distinct  from  SrF2,  KF,  or  NaF,  are 


82 


generally  formed  In  Buch  oyotcmo,  we  began  our  experiments  with  aolutlona  that 
had  the  highest  concentrations  of  the  alkali  fluoride. 

In  view  of  the  slowness  with  which  equilibrium  was  reached  and  of  the  pos¬ 
sibility  of  the  Initial  solid  phase  (SrFg)  being  converted  into  a  new  solid  phase, 
we  extended  the  period  of  saturation  to  two  months  In  these  instances. 

In  the  cases  where  the  solubility  of  the  SrFg  was  measured  (at  low  concen¬ 
trations  of  the  alkali  fluoride),  the  required  minimum  thermostat  time  for  the 
mixture  was  found  by  means  of  special  tests,  run  to  establish  a  constant  SrFg 
concentration  in  the  solution.  These  tests  showed  that  when  a  solution  of  KF  or 
NaF'was  saturated  with  solid  SrFg,  the  concentration  of  strontium  fluoride  became 
constant  within  2-5  days,  whereas  it  took  10  days  for  the  concentration  of  stron¬ 
tium  in  the  solution  to  become  constant  when  the  second  method  of  mixing  the  com¬ 
ponents  was  used. 

Samples  of  the  solutions  and  of  the  moist  precipitates  were  analyzed  as 
follows  to  determine  their  constituents. 

The  strontium  in  the  solutions  was  determined  by  precipitating  it  as  the 
carbonate,  followed  by  a  final  acldlmetric  determination.  Gravimetric  burets 
were  used  in  titration.  The  percentage  qf  the  alkali-metal  fluorides  in  the  solutions 
was  determined  by  the  sulfate  method.  When  the  concentration  of  the  alkali-metal 
fluoride  in  the  solution  was  low,  its  percentage  was  computed  from  the  data  on 
the  composition  of  the  Initial  mixture  of  the  constituents. 

The  samples  of  the  moist  precipitates  were  analyzed  for  their  SrF2  and  MeF 
content  by  converting  the  fluorides  into  sulfates,  separating  the  sulfate  of  the 
alkali  metal  from  the  strontium  sulfate  by  50^  alcohol,  and  weighing  the  SrS04 
and  the  Me2S04  recovered  by  evaporating  the  alcoholic  solution.  The  amount  of 
water  in  the  precipitates  was  determined  by  the  difference  between  the  weight 
of  the  moist  precipitate  and  the  amount  of  SrF2  +  MeF  found.*" 

Test  Results  and  Their  Evaluation 
1.  The  SrF2  -  KF  -  H2O  System 

The  compositions  of  some  solutions  with  the  highest  concentrations  of  KF 
and  of  the  corresponding  moist  precipitates  axe. shown  graphically  in  Fig.  1 
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Inopectlon  of  the  dlHgram  Bhowo  that  no  binary  oalts  or  Bolld  Bolutiono 
are  formed  In  thlo  cyetem,  A  certain  ocattering  of  the  nodes  is  due  to  analytical 
error. 

The  values  of  the  solubility  of  strontium  .fluoride  at  various  concentiatlona 
of  potassium  fluoride  are  listed  In  Table  1. 

TABLE  1 


Solubility  of  SrFg  In  KF  Solutions  and  Values  of 
^SrFg  ^aSrFa 


Test  No. 

Concentration  of  KF  in  1 
solution,  mols/llter 

Solubility  of  SrFg, 
mols/liter 

CO 

»-• 
s>  j 

i 

1 

0.00 

9.62*10"“* 

3.56 

2.46 

j 

i 

2 

4.987*10"^ 

8.37*10“* 

3.97. 

2.70 

i 

5 

6.56*10“* 

3.50 

2.39 

j 

k 

i  1.496*10“® 

5.38*10““* 

3.56 

2.4l 

1 

5 

•  1.995*10“® 

4.46*10““* 

5.72 

2.48 

/ 

$ 

6 

2.494*10'® 

3.67*10"“* 

3.82 

2.51 

7  ■ 

2.992*10"® 

2.92*10"“* 

3.7^ 

2.42 

8 

3.421*10“® 

2.36*10"“* 

3.91  . 

2.48 

9 

3.990*10“® 

2.05*10"“* 

3.98 

2.48 

/ 

10 

4.488*10"® 

1,64*10"“* 

3.79. 

2.31 

11 

4.987*10“® 

1,44*10"“* 

4.00 

2,39 

12 

5.487*10"® 

1.19*10"* 

5.89 

2.30 

15 

-  5.985*10“® 

1.09*10"“* 

4.19 

2.40 

< 

14 

6.485*10"®  1 

9.1  *10“® 

4.06 

2.28 

15 

7.982*10“®  ' 

6,8  *10"® 

4.45 

2.37 

16 

8.480*10"® 

6.4  *10"® 

4.71 

2.46  . 

i 

17 

8.948*10“® 

5.6  *10“® 

4.58 

2.36 

• 

18 

9,877*10"® 

5.1  *10“® 

5.16 

3.56 

The  value  for  the  solubility  of  SrFs  in  pure  vater  found  by  us  is  fairly 
close  to  the  figure  obtained  by  Kohlrausch  [3]  (9.^5*  10”'*  niol  per  liter  at  18°), 
but  It  Is  quite  out  of  line  with  Carter's  value  [4]  (3 *11“  10”“^  at  25°). 

The  variation  of  the  solubility  of  strontium  fluoride  with  the  concentra¬ 
tion  of  potassium  fluoride  is  shown  graphically  In  Fig.  2. 

The  foregoing  data  and  Fig.  2  indicate  that  the  solubility  of  SrFg  drops 
uninterruptedly  as  the  ICF  concentration  rises. 

To  check  the  applicability  of  the  solubility  product  rule  in  this  case 
we  computed  the  value  of  Lpo  „.from  ooir  experimental  data,  from  the  formula; 

^SrFs  ^  *  ^CsrFa  +  ^ 

The  calculated  values  of  Lpgj.p  are  given  in  Table  1. 

The  figures  in  Table  1  show  that  BpgrFa  approximately  constant 

only  up  to  a  KF  concentration  of  O.OO6  mol  per  liter,  after  which  it  begins  to 
rise  noticeably.  If  we  take  as  the  value  of  Lp3j.p  the  figure  of  3.57*  10® ^  com¬ 
puted  from  the  observed  solubility  of  SrFg  in  pure^water,  and  then  calculate  the 
solubility  of  SrFg  at  veirious  concentrations  of  potassium  fluoride  from  Equation 
(1),  we  get  the  function  shown  in  Fig.  2  by  the  dashed  line. 

The  same  graph  indicates  that  the  experimental  values  of  the  SrFa  solu¬ 
bility  differ  from  those  computed  by  the  solubility  product  rule  by  an  amount 
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th»t  conolclerobly  exccedo  the  cfloct  of  experimental  erroro. 

To  ascertain  whether  It  woo  possible  to  precalculate  the  solubility  of 
SrFw  from  ti'e  thermodynamic  law  of  the  constancy  of  the  activity  products,  using 
th^DebyLllUckel  the^etlcal  equations  for  the  activity  coefficient,  we  computed 
the  values  of  LoCrV  .  th®  constont  of  the  activity  products,  from  our  experimental 
dots!  The  flnal^eqSatlon  for  computing  Lnsrp^.  the  limiting  Debye-Huckel 

law  for  the  activity  coefficient,  looks  like  this: 

log  LasrFg  “  ^  (SCSrFg  +  ^kf)  “  5.03  V5Csrf7~+  Ckf,  (2) 

where  CsrFg  Okf  ®^re  the  concentrations  in  mole  per  liter. 

The  values  of  La«  w  computed  from  this  equation  are  listed  in  Column  5 
-  «  “rFo 

Table  1. 

As  these  figures  show,  the  values  of  the  constant  exhibit  satisfac¬ 

tory  constancy. 

The  solid  curve  plotted  in  Fig.  2  expresses  the  solubility  of^SrFs  as  a 
function  of  KF  in  accordance  with  Equation  (2)  when.LaQj.p  =  2.46*10“®.  The  same 
figure  Indicates  that  the  experimental  points  lie  on  the  Computed  curve  through¬ 
out  the  investigated  range  of  KF  concentrations. 

2.  The  SrFg  --  NaF  -  H2O  System  at  23** 

The  composition  of  the  two  solutions  with  the  highest  NaF  concentrations, 
and  of  the  corresponding  wet  precipitates,  are  shown  in  the  ternary  diagram  of 
Fig.  3. 


Fig.  5.  Composition  of  solu¬ 
tions  and  moist  precipitates 
in  the  SrF2  -  NaF  -  HgO  sys¬ 
tem  by  weight) . 


Fig.  4.  Solubility  of  SrFa  in 
the  SrF2  ~  NaF  —  H2O  system. 


IiJspection  of  the  diagram  shows  that  both  nodes  coincide  with  the  vertex 

-stfucb  fLir 

sewed  brurL^riSellutblf fLf 

as  a  ^■^ction^o1^thrN^''forcen+ratlon‘'hart^  solubility  of  strontium  fluoride 

or  toncentrab^lon  has  the  same  shape  as  in  the  previous 
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oyr.tnm,  contuining  potaaoiiira  fluoride.  This  similarity  of  the  curves  is  not  un- 
exf)ectcd,  when  we  remember  that  the  solubility  of  SrFg  was  measured  only  for  di¬ 
lute  solutions  of  potassium  and  sodium  fluorides. 

The  values  of  and  computed  from  the  experimental  data  by 
means  of  equations  resembling  (l)  and  (2),  ore  listed  in  Table  2. 


TABI£  2 

Solubility  of  SrFa  in  NoF  Solutions  and  Values  of  ^®SrF 


Test  No. 

Concentration  of  NaF 
in  solution,  mols/llter 

Solubility  of  SrF2, 
mols/liter 

^SrF2*^^ 

1 

0.00 

9.62*10"'^ 

3.56 

2.46 

2 

9.97^* 10"^ 

6.50*10"^ 

3.U5 

2.37  ' 

3 

1.995-10"^ 

4.51*10"'^ 

3.79 

2.54 

4 

3.447*10"® 

2.53*  lO"'^ 

3.97 

2.52 

5 

3.990*10“® 

2.00*10"'* 

3.86 

2.4l 

6 

4.987*10"® 

1.40*10"'* 

5.87 

2.31 

7 

5.985*10“® 

1.19*10"'* 

4.61 

2.64 

8 

6.982*10“® 

9.3  *10"® 

U.77 

2.63 

9 

7.980*10"® 

6.6  *10“® 

't.35 

2.31 

10 

8.982*10"® 

6.4  *10"® 

5.29 

2.71 

11  - 

9.978*10"® 

6.0  *10"® 

6.11 

3.03 

12 

1.096*10"® 

5.0  *10"® 

6.16 

2.95 

As  these  figures  indicate,  here  again  the  value  of  Lasi-p  remains  satis¬ 
factorily  constant,  in  contrast  to  y  which  rises  nearly  foo^  when  the  NaF 

concentration  is  varied  from  0  to  0.01  m§l  per  liter. 

The  solid  and  dashed  curves  plotted  in  Fig.  4  show  how  the  solubility  of 
SrFa  changes  according  to  Equations  (2)  and  (l).  Here,  too,  the  experimental 
points  likewise  lie  on  the  solid  curve. 

SUMMARY 

1.  A  study  has  been  made  of  the  equilibria  in  the  SrFg  ~  KF  -  H2O  and 

SrFg  ”  NaF  -  H2O  systems  at  25“.  A  Schreinemakers  analysis  of  the  saturated  solu¬ 
tions  and  moist  precipitates  showed  that  no  binary  salts  or  solid  solutions  are 
formed  in  either  system. 

2,  The  isotherms  of  the  solubility  of  SrF2  in  the  SrF2  -  KF  -  H2O  and  SrF2  - 
-  NaF  —  H2O  systems  at  25®  have  been  investigated  at  concentrations  of  alkali 
fluorides  reinging  from  0  to  0.1  mol  per  liter.  The  isotherms  are  identical  in 
both  cases. 

5.  It  has  been  shown  that  it  is  possible  to  precalculate  the  solubility  of 
strontium  fluoride  in  solutions  of  KF  and  NaF  of  various  concentrations  not  ex¬ 
ceeding  0.01  mol  per  liter,  by  using  the  limiting  Debye-Hiickel  formula  for  the 
activity  coefficient. 
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ADSORr.TIOK  SPECTRA  OF  SOLUTIONS  OP  ORGANIC  DYESTUFFS 
AND  MINERAL  SALTS  IN  THE  RED  REGION  ‘ 

f 

K.  V.  Plerov  and  B.  .  V.  ' Ozimov 

Leolograd  Instltate  of  the  Refrigeration  and  Dairy  Industry 


In  recent  years  the  method  of  standard  series  and  scales  has  become  one 
of  the  widely  used  colorimetry  methods.  • 

The  instability  of  scales  prepeired  with  solutions  of  organic  dyes  has  stim¬ 
ulated  a  search  for  colored  solutions  of  mineral  salts  that  could  imitate  the 
colors  of  organic  dyestuffs  while  being  more  stable. 

The  first  effort  to  substitute  solutions  of  mineral  salts  for  organic  dye¬ 
stuffs  was  made  by  Wlndisch  [i],  who  proposed  to  imitate  the  Michaells  monochrom¬ 
atic  indicators  by  solutions  of  potassium  chromate  and  bichromate.  Windisch's 
research  was  continued  by  Kolthoff  [2],  who  set  forth  recipes  for  imitating  the 
colors  of  these  indicators!  neutral  red,  methyl  orange,  and  tropeolin  00.  In 
his  imitations  he  employed  FeCla ‘61120  and  00(1103)2  solutions  as  well  as  a  mix¬ 
ture  of  KMnO^  and  K2Cr207  in  H2SO4,  but  the  latter  solutions  proved  to  be  un¬ 
stable,  In  1927^  A.  Taub  [3]  described  new  standard  solutions  prepared  from  mix¬ 
tures  of  the  following  salts; 

CoCl2'2H20,  FeCl3‘6H20,  and  CuCl2*2H20. 

The  colors  of  these  solutions  remained  the  same  for  10  years. 

In  1937^  K.V.Flerov  [-4]  employed  permanent,  nonfading  scales  for  other  an¬ 
alytical  purposes  as  well.  Using  solutions  of  inorganic  salts  of  the  heavy  metals 
and  combinations  thereof,  namely; 

FeCl3*6H20;  CuS04‘5H205  CuCCH3C00)2;  CuCl2*2H20;  NiS04j  CoCl2-2H20j 

Co(CH3C00)2  5  and  K2Cr207', 

Flerov  secured  25  basic  tones  of  Ostwald's  24  charts  of  color  tones. 

Using  this  method,  K.V.Flerov  and  his  co-workers  developed  various  proced¬ 
ures,  namely;  the  colorimetric  determination  of  iron  (Velichkovskaya  [s]);  of 
lead  (Ozimov  and  Krasnov  [®]);  and  of  the  hydrogen-ion  concentration  (Flerov  and 
Ozlmov  [7]). 

When  the  color  of  the' mineral-salt  solutions  is  the  same  as  that  of  the 
organic  dyestuffs,  it  may  be  supposed  that  both  solutions  will  have  the  same 
absorption  spectra.  The  first  research  work  on  the  comparison  of  the  absorption 
spectra  of  organic  dyestuffs  and  mineral  salts  was  done  by  A.  Jahnke  and  Kropacsy 
[e],  who  investigated  the  spectra  of  FeCl3*6H20  and  Co(N03)2  solutions,  which 
imitated  the  color  of  neutral  red,  methyl  orange,  and  tropeolin  00  at  various  pH 
values,  as  well  as  K2Cr04  and  K2Cr20Y  solutions,  which  imitated  the  color  of  di- 
nitrophenol  and  nitrophenol .  Their  research  was  done  by  the  visual  method,  using 
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Gcholt  colorimetric  Jaru  and  u  Zoloo  npoctroocopo.  According  to  tho  authoro,  not 
enough  work  wao  done  on  the  absorption  spectra  In  the  red  region,  owing  to  their 
instrument's  low  sensitivity  In  that  region.  Mellon  [e]  Investigated  the  absorp- 
tion  spectra  of  some  mineral  solutions. 

EXPER IMENTAL 

It  was  the  objective  of  this  research  to  find  out  hov  the  absorption  spec¬ 
tra  of  the  standards  we  had  prepared  compared  with  the  absorption  spectra  of 
organic  dyestuffs  employed  In  Bogen's  universal  Indicator.  We  did  this  by  Inves¬ 
tigating  5  samples  of  buffer  solutions  with  the  following  pH  values;  2.4,  2.6, 

2.8,  5.0,  and  5.2  (the  whole  red  region  covered  by  Bogen's  indicator^).  Each  pH 
value  was  represented  by  three  solutions; 

1)  10  ml  of  a  buffer  solution  with  10  drops  of  Bogen's  indicator  (drop  vol¬ 
ume  *  0.025  ml);  the  buffer  solution  was  prepared  by  the  Clark  and  Lelbs  method, 
the  pH  of  this  solution  being  determined  electrometricedly  with  a  hydrogen  elec¬ 
trode  ; 

2)  A  standard  solutlnij,  consisting  of  a  mixture  of  CoCl2*2H20  and  FeCl3*6H20 
j)repared  as  specified  below  and  selected  visually,  with  an  optical  comparator,  to 
agree  with  the  color  of  .the  buffer  solution; 

5)  A  standard  solution  consisting  of  a  mixture  of  CoCl2*2H20  and  FeCl3*6H20, 
prepared  as  specified  below  and  selected  by  means  of  a  compensating  photocolori¬ 
meter  to  agree  with  the  color  of  the  buffer  solution. 

The  following  solutions;  ferrous  chloride  -  FeCl2  “  O.OO7157O  g/ml;  and 
cobalt  chloride  —  C0CI2  ”  O.070325  g/ml^  were  used  to  imitate  the  color  of  Bogen's 
indicator  in  the  buffer  solutions. 

The  solutions  of  ferrous  chloride  and  cobalt  chloride  were  prepared  with  a 
5^  solution  of  hydrochloric  acid  to  prevent  hydrolysis. 


The  amount  of  the  ferrous  chloride  and  cobalt  chloride  solutions  required 
to  imitate  the  color  of  Bogen's  indicator  is  given  in  the  subjoined  Table  1. 

TABLE  1 


Serial 

No. 

pH 

Optical  comparator 

Compensating  photocolorimeter 

Total 

volume,  ml 

FeClr, 

CoClp 

HpO 

FeClq  1  CoClo 

HpO 

Quantity,  ml 

1 

2.4 

0.15 

1.60 

0.25 

0.14 

1.62 

0.24 

2 

2 

2.6 

0.25 

1.50 

0.25 

0.22 

1.35 

0.43 

2 

3 

2.8 

0.35 

1.40 

0.25 

0.52 

1.28 

0.40 

2 

•  4 

3.0 

0.40 

1.20 

0.40 

0.53 

1.31 

0.16 

2 

5 

3.2 

0.20 

1.00 

0 

ro 

0 

0.82 

0.91 

0.27 

2 

These  samples  were  given  names  (Table  2) . 


Serial 

No. 


pH 


Volume 


TABLE  2 


Buffer 

solution 


Standard  solution, 
selected  visually 


Designations 


Standard  solution,  selec- 
ted  photocolorimetrically 


2.4 

2.6 

2.8 

3.0 

3.2 


10 

10 

10 

10 

10 


1  B 

2  B 

3  B 

4  B 

5  B 


Ph-E 

Ph-S 

Ph-E 

Ph-E 

Ph-E 


I 

The  abRorptlon  cpectru  of  these  Dolutlons  were  meaoured  with  the  Koenlg- 
Martens  spectrograph  In  the  following  vavelength  ranges; 


1  B, 

1  V, 

1 

Ph-E 

2  B, 

5  B, 

2  V, 

5  Y, 

2 

3 

Ph-E 

Ph-E 

from  6900  to  5500  A 

4  B, 

4  V, 

4 

Ph-E  . 

5  B, 

5  V, 

5 

Ph-E  • 

from  6900  to  5100  A 

The  last  sample  was  measured  over  a  larger  Interval  because  the  red  begins 
to  change  to  orange  at  a  pH  of  3.2. 


831 


Tho  optical  donoltlco  ore  given  for  n  20-mra  column  and  are  reprcoenled 
by  tho  oboorpllon  opectra  curveo  of  the  buffer  with  Dogen'e  Indleator  and  of 
tio  otundord  eolutlono  of  mineral  ealte  Imitating  the  color  of  Bogen  a  indicator 
irthirrespect  (Flga.  1,  2,  },  4,  and  5).  Each  value  la  the  mean  of  5  aamplea. 


Investigating  the  absorptlon-Bpcc- 
tra  curves  of  solutions  1  1  V,  and 

1  Ph-E  at  a  pH  2.4  leads  to  the  follow¬ 
ing  conclusion;  In  the  long-wave  portion 
of  the  spectrum,  from  6900  A  to  5900  A, 
the  buffer  solution  colored  with  Bogen' s 
Indicator  exhibits  greater  absorption 
than  the  standard  solution  prepared  from 
a  mixture  of  C0CI2  and  FeCla .  Beginning 
at  the  wave  length  of  6OOO  A  and  extend¬ 
ing  to  5500  A,  the  buffer  and  standard 
solutions  exhibit  fairly  close  agreement 
throughout  the  range  of  measurement. 

Curve  2  Ph-E,  on  the  other  hand,  exhibits 
a  rather  sharp  depsirture  from  Curve  2  B 
In  the  range  from  65OO  A  to  5700  A. 

The  cixrves  of  the  next  three  sam¬ 
ples,  represented  by  the  solutions; 

pH  =  2.8  5  B,  5  V,  5  Ph-E, 

pH  =  5.0  4  B,  4  Y,  4  Ph-E, 

pH  =  3.2  5  B,  5  V,  5  Ph-E, 

exhibit  fairly  close  agreement  of  the 
absorption  spectra. 


Fig.  5. 


When  we  compare  the  photocolorlmetrlc  and  the  visual  methods,  we  must  bear 
In  mind  that  In  the  long-wave  region  of  the  spectrum  (the  red)  a  solution  selec¬ 
ted  visually  yields  greater  agreement  with  the  color  of  the  buffer  than  the 
solution  selected  by  means  of  the  photocolorimeter,  as  is  seen  In  all  the  5  sam¬ 
ples.  This  is  due  to  the  fact  that  selenium  photocells  are  rather  insensitive 
to  red  light. 


SUMMARY 


1.  Compairison  of  the  absorption  spectra  of  the  color  of  Bogen' s  Indicator 
In  the  red  region  (in  buffer  solutions)  and  its  Imitation  by  solutions  of  C0CI2 
and  FeCla  indicated  that  they  coincide  fairly  well  in  the  690O-5IOO  A  range. 

2.  Our  data  indicate  that  selecting  an  imitating  mineral  salt  solution  In 
the  red  region  of  the  spectrum  is  better  done  with  a  comparator  than  with  a 
photocolorimeter  using  seleniiam  photocells,  since  the  latter  are  insensitive 

in  the  red  region  of  the  spectrum. 


3.  Our  experiments  enable  us  to  assume  that  standard  solutions  of  C0CI2 
and  FeCl3  provide  good  imitations  of  the  color  of  the  Bogen  universal  indicator 
in  the  red  region  of  the  spectrum. 
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OLTRAVIOLRT  ABSORPTION  6PKCTRA  OF  SOME  HETEROCYCLIC  COMPOUNDS 

IN  THE  PRESENCE  OP  AN  ALKALI 


A.  .  E.  Lutsky 

Laboratory  of  Organlo  Chenlstry, 

S.  M.  Kirov  Institute  of  Chenlcal  Tochnologye  Kharkov 


In  our  efforts  to  ascertain  the  mechanism  of  the  photosensitizing  action 
of  some  dyes,  their  ultraviolet  absorption  spectra  have  been  the  object  of  re¬ 
search.  It  has  been  shown  [i]  that  a  combination  of  the  radicals  of  two  hetero¬ 
cycles  s  rhodanine  (or  N-phenylrhodanine)  and  benzothiazole,  besides  retaining 
their  usual  absorption  in  the  bands  typical  of  the  Initial  heterocycles,  exhibit 
two  new  and  extremely  Intensive  bands  -  one  in  the  long-wave  section  and  the 
other  in  the  short-wave  section  of  the  ultraviolet.  Apparently,  there  are  three 
absorption  centers  in  the  combination  products:  the  heterocyclic  radicals  by 
themselves  and  their  combination  product  as  a  whole.  This  was  likewise  Indicated 
by  the  effect  of  alkalies  upon  the  absorption  of  some  photosensitizing  dyes. 

Thus,  the  absorption  of  an  alkaline  solution  of  5-[5-ethyl-2,3-dlhydrobenzothiaz- 
olldene- (2) ] -rhodanine  (Dye  l)  changes  only  in  the  middle  of  the  ultraviolet, 
i.e.,  in  the  region  of  the  bands  that  are  typical  of  heterocyclic  radicals,  com¬ 
pared  to  a  neutral  alcoholic  solution,  whereas  the  presence  of  an  alkali  causes 
merely  a  slight  diminution  in  the  intensity  of  absorption  in  the  region  of  the 
bands  that  are  characteristic  of  the  coupling  product  as  a  whole.  We  had  to 
check  whether  the  changes  occurring  in  the  middle  portion  of  the  absorption  curve 
of  the  given  dye  as  the  result  of  the  alkali's  action  resemble  the  changes  in 
the  absorption  curves  of  the  original  heterocycles. 

As  had  been  found  earlier  [2],  the  presence  of  an  alkali  has  no  apparent 
effect  upon  the  absorption  curve  of  benzothiazole.  Significant  changes  occiir 
in  rhodanine  and  N-phenylrhodanine,  however. 

Rhodanine  was  investigated  in  alcoholic  solutions  of  lO"^  -lO”'^  molar  con¬ 
centration,  with  1000  molecules  of  sodium  alccholate  present  per  molecule  of 
rhodanine.  The  results  of  measurement  are  listed  in  Table  1.  The  absorption 
curve  for  a  solution  with  a  10"^  molar  concentration  (Fig.  1,  Curve  2)  begins  at 
X=  4550  A  and,  rising  upward,  forms  a  wide  band  with  a  maximum  at  5900  A 
and  e  =  55.  After  a  shallow  minimum  at  X  =  5620  A  and  e=  50,  the  curve  again 
rises,  ending  at  X  =  5240  A. 

In  the  solution  with  a  lO”^  moleu*  concentration,  the  absorption  curve 
(Fig.  1,  Curve  5)  begins  at  X  =  578O  A  and  rises  steeply  to  X  =  566O  A.  In  the 
short-wave  section,  the  curve  exhibits  a  deep  minimum  at  X  =  2665  A  and  e  =  200. 

In  the  solution  with  a  10”^  molar  concentration,  absorption  begins  (Fig.  1, 
Cvirve  5)  at  X  =  5550  Aj  it  rises  steeply  and  exhibits  a  narrow  band  with  a  max¬ 
imum  at  X  =  5440  A  and  e  =  5OOO  and  a  wide  band  with  a  maximum  at  X  =  2955  A 
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and  e  3  5000.  In  the  lon^^ave 
region  the  latter  bund  hun  a  clear¬ 
ly  marked  point  of  Inflection  be¬ 
tween  ^260  and  5170  Aj  the  two  min¬ 
ima  of  the  curve  are  located  at 
X  »  5550  A  and  f  =  ^000  and  ^  = 

-  2655  A  and  2OO. 

Table  2  gives. the  data  on  the 
absorption-band  maxima  of  rhodanine 
in  alcohol  [a]  and  in  alcohol  with 
an  excess  of  sodium  alcoholate  pres¬ 
ent. 

As  the  table  data  and  Fig.  1 
Indicate,  the  presence  of  an  alkali 
causes  a  significant  change  in  the 
absorption  curve  of  rhodanine, 
namely; 

a)  in  alkaline  solutions  the 
end  and  the  beginning  of  absorption 
do  not  coincide  when  the  solution 
is  diluted  with  alcohol,  in  con¬ 
trast  to  neutral  alcoholic  solutions; 

b)  The  action  of  the  alkali 
produces  a  noticeable  shift  of  the 

whole  absorption  curve  toward  the  longer  wavelengths;  two  new  bands  make  their 
appear emce  at  X  =  3900  and  5440  A. 

c)  The  longwave  band  of  rhodanine  in  neutral  alcohol,  located  at  X=  295O  A 


Rhodanine 

in  Alcohol 

,  10-2  - 

10-4  molar. 

with  1000 

molecules 

of  sodium 

al  coholate 

X 

e 

X 

e 

4500 

10 

3400  max 

Imum  5000 

4100 

40 

3400 

4000 

4000 

50 

3360 

3500 

5900  meoclmum  55 

5330  minimum  3000 

3800 

50 

3300 

3500 

3680 

35 

3260 

5000 

3620  minimum  30 

3170 

7000 

3560 

35 

3110  ^  . 

10000 

3240 

100 

2955 

13000 

3780 

100 

2800 

10000 

3660 

1000 

2620 

1000 

2780 

1000 

2250  max 

Imiini  1000 

2670 

250 

2200 

'1600 

2655 

200 

2640 

250 

2470 

1000 

3530 

1000 

3480 

4000 

i-Knoaanine  in  alcohol,  10’^-10'V)lar;  2-rtiodanine- 
^  lO’^molar,  with^lOOO  molecules  of  P  h  rrsi- 

e;ulesVcj:«^Tko5S;i;r;^ 

molecules  of  CpHsONa  after  standing 
834  'point  of  inflection 


3V- 

IZ’ 

JLtf. 

21- 

2<- 

2.V* 

V- 

/J- 

/J- ‘ 


I 


iio*  SOoo 


Z^O 


h 


Fig.  2 

l-N-phenylrbodanlne  in  alccfiol,  lO’^to 

alcohol.  10-2to  lO'Wa.-. 
With  1000  molecules  of  C2He0Na. 


Compound 

Band  maximum  at; 

_ 

2 

r  5 

. 

X 

e 

X 

e 

X 

t 

X 

t 

x' 

e 

Rhodanlne  In 
fil  cohol  ..... 

10000 

15000 

2515 

7000 

Ditto  +  1000 
molecules  of 
C^^s^Na  , , , ■ , 

5900 

50 

Inflection 

5260-5170 

5000^7000 

5440 

5000 

2955 

and'  e  =  10  000,  Is  retained  In  the  presence  of  sodium  alcoholate.  But  In  the 
alkali  this  band  Is  widened  considerably,  as  the  result,  apparently,  of  both  the 
shift  of  Its  longwave  region  toward  the  longer  wavelengths  due  to  the  action  of 
the  alkali  and  of  the  fact  that  the  rhodanlne  band  In  neutral  alcohol,  with  a 
maximum  at  X  =  2515  A  and  e  =  JOOO  falls  within  this  region  as  It  shifts  toweird 
the  longer  wavelengths  (in  the  alkali  a  deep  minimum  coincides  with  the  maximum 
of  this  band).  This  displacement  of  the  longwave  region  Is  considerable*  ^60  A 
at  e-  =  100,  for  example,  and  400  A  at  e=  1000, 

The  reason  for  the  above  changes  In  the  absorption  curve  of  rhodanlne  when 
alkali  Is  present  In  10  ^  and  10”“*  moleir  solutions  may  well  be  Its  enollzatlon, 
with  the  ensuing  formation  of  a  salt.  We  know  that  rhodanlne  can  form  a  salt 
with  various  metals  In  alkaline  media  [■*].  This  is  explained  by  the  enollzatlon 
of  the  rhodanlne.  The  formation  of  a  salt  facilitates  the  displacement  of  absorp¬ 
tion  toward  the  longer  wavelengths,  as  is  the  case  with  other  enols  [5].  The 
shift  of  the  equilibrium  between  the  enol  and  the  rhodanlne  toward  the  latter 
might  explain  the  failure  of  the  beginning  and  the  end  of  absorption  to  coincide, 
observed  when  the  solution  is  diluted. 

It  Is  noteworthy  that  the  absorption  of  rhodanlne  In  10“®  and  lO”'*  molar 
solutions  with  1000  molecules  of  sodium  alcoholate  present  undergoes  a  marked 
change  after  standing  for  one  day.  In  this  case,  the  curve  (Fig.  1,  Curve  4) 
begins  at  X  =  ^0^0  A  and  rises,  exhibiting  only  one  narrow  band  with  a  maximum 
at  X  =  2945  A  and  e  =  250j  after  a  shallow  minimum,  the  curve  resumes  Its  rise 
and  comes  to  an  end  at  X  =  2200  A.  The  bands  observed  In  freshly  prepared  solu¬ 
tions  are  not  present,  with  the  exception  of  the  basic  rhodanlne  band  at  2950 
which  suffers  a  sharp  drop  in  Intensity  (about  fiftyfold) .  The  absorption  curves 
of  these  solutions  after  being  allowed  to  stand  for  a  day  look  like  continuations 
of  the  curve  for  the  10"^  molar,  solution. 
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N-phenylrhodanine  in  alcohol,  lO'S  to  10--^ .molar,  with  1000  molecules  of  sod¬ 
ium  alcoholate 


X 

e 

X 

e 

4500 

10 

5460 

55 

4250 

250 

3250 

500 

4150  Maximum 

500 

5160  Point  of  inflection 

500 

4050 

250 

3070 

5000 

5550 

55 

2980  Point  of  inflection 

6000 

5505  Minimum  j 

50 

2860 

10000 

We  investigated  the  absorption  of  N-phenylrhodanine  in  lO"^  to  10-"*  molar 
alcoholic  solutions  with  1000  molecules  of  sodium  alcoholate  present  per  mole¬ 
cule  of  the  substance.  The  measurement  data  are  given  in  Table  3.  The  absorptior; 


curve  (Fig.  2,  Curve  2)  beglno  ut  A  *  U'yjO  A  and  rioeo  otocply,  forming  a  wide 
bund  with  Q  maximum  at  ^  =  H15O  A  and  f'-  =  ^OOj  the  curve  reoumeo  It  rloc,  after 
a  minimum  at  ^  =  5505  A  and  e  =  30,  to  2860  A;  there  are  two  Inflectiono  along 
thlB  rloe:  between  325O  and  3I60  A  -5OO  and  300)  and  3070  and  298O  A  («:  ”  60OO 
and  3000) , 

Comporloon  of  the  aboorptlon  curves  of  N-phenylrhodanlne  In  alcohol  and  in 
alcohol  with  sodium  alcoholate  present  (Fig.  2,  Curves  1  and  2,  respectively)  in¬ 
dicates  that  the  alkali  causes;  a)  the  appearance  of  a  new  wide  band,  as  in  the 
case  of  rhodanlne,  with  a  maximum  at  A  =  4150  A  in  the  case  of  rhodanlne  this 
band  is  located  at  X  =  39OO  A  and  is  only  one-fifth  as  intense  as  the  N-phenyl¬ 
rhodanlne  bandj  and  b)  the  appearance  of  a  point  of  inflection  between  3250  and 
3160  A,  as  in  the  case  of  rhodanlne  -  with  the  latter  this  Inflection  is  located 
at  much  higher  values  of  e  .  As  for  the  rest,  the  effect  of  the  alkali  upon  the 
absorption  of  N-phenylrhodanlne  differs  markedly  from  its  Influence  upon  the 
rhodanlne  absorption  curve.  The  noticeable  shift  of  the  absorption  curve  towaird 
the  longer  wavelengths  observed  in  freshly  prepared  10“^  to  10^'*  molar  alkaline 
solutions  of  rhodanlne  does  not  occur  with  N-phenylrhodanine,  Nor  do  the  begin¬ 
ning  and  the  end  of  absorption  fall  to  coincide  when  N-phenylrhodanlne  is  diluted. 
The  X=  2950  A  band,  \rtiich  is  not  displaced  but' is  noticeably  widened  when  alkali 
acts  upon  rhodanlne,  loses  some  of  its  intensity  with  N-phei;ylrhodanine  and  is 
manifested  merely  as"  a  point  of  inflection  between  3070  and  298O  A. 


I  \  i\  '  - 

!  w  >; 

i\ . _ !.^ 

i  t  J 


Pig.  ? 

l~5-l-3-ethjl-2,3-dlhj’drobeD2othlBzolidene-  (2)]  - 

ibodanlne  in  alcobcd^.  4*  10'^  molar,  with  1000  mol-  ^ 

ecales  of  C2H6GNa:'2“Tiiodanlne  in  alcohol.  10*4, molari'  l-5-(3-ethyl-2,3~dlhydroben2othla2olidene- (2)1 -rhodanir.3 
•1th.  1000  molecules  of  Ov^.ONarS-benzothiazole  in  al-  in  alcohol,  4.10"®  molar,  with  1000  molecules  of  OHaO'K 
cohol,  10'^  molar,  with  lOOO  molecules  of  CjHeONa.  2-5- [3-ethyl-2,3-dihydrobenz0thlazolidene-(2)  ethyiidej?j 

-rhodanlne  in  alcohol,  4* lO'^molar,  *with  1000  molecules  ■ 

1  maxima  of^the  absorption  bands  for  benzothia- 

Bodlui  alcoholic  Bolutlons  with  an  excess  of 

_ _ .  T  A  B  L  E  4  ‘ 

^  _  Band  maxima  at;  '  - - - 

Compound  1  p  - ; - - i - - - - - 

— - 7— - X _ Ji _ 5 _  6 

Dye  I  in  ~  ^  ^ - ^ - ^ — - ^ - ^ — - ^ - A.  X _ e 

Dltto''°n  “  ■  ■  ^°°°°  "  ■  ~  2°°°°  2620  20000  2340  25OOO 

Rhodanlne  in'  ~  ~  “  2560  875O  2380  I7500  ^ 

Be^nz^thlai^i;  50  3440  5000  2935  13000  -  -  _  _  _  _  | 

in  alkali  ^  1 

2835  1600  2545  5000  -  - 


•5oLi 


-  2770  20000  2620  20000  2340  25000 


836 


wi<tfaw«.>«yiaUijrt 


As  lo  ncen  in  tho  data  of  Table  U,  and  In  the  curves  plotted  in  Fig.  5;  the 
changes  in  the  absorption  curve  for  Dye  I  due  to  the  presence  of  an  alkali  basic¬ 
ally  resemble  those  occurring  with  rhodaninc,  Tlio  curve  for  the  dye  in  alkali 
consists  as  it  were  of  two  groups  of  bands:  l)  highly  intense  bands  with  maxima 
at  ^  =  4200  and  258O  A,  which  are  characteristic  of  the  coupling  products  of  two 
heterocycles  and  of  a  neutral  alcoholic  solutionj  and  2)  bands  that  are  cheurac- 
teristic  of  rhcdanine  in  alkali  (with  a  maximum  at  ^  =  2955  A)  and  of  benzothla- 
zole  in  alkali  (with  a  maximum  at  2545  A) .  In  the  dyestuff,  the  latter  two  bands 
exhibit  a  slightly  higher  intensity.  The  other  rhodanlne  and  benzothiazole  bands 
do  not  appear  on  the  dyestuff  curve,  owing  to  the  superposition  of  the  more  in¬ 
tense  absorption  bands.  Evidently,  a  few  Independent  absorption  centers  occur 
in  the  alkaline  solution  for  the  dyestuff,  too:  the  rhodanihe  and  benzothiazole 
radicals,  as  well  as  their  coupling  product  as  a  whole.  The  absorption  curve  ap¬ 
pears  to  be  the  result  of  the  superposition  of  the  absorption  bands  that  are 
characteristic  of  each  of  the  above-mentioned  absorption  centers,  considered  sep¬ 
arately.  .  .  -  ' 

This  is  also  manifested  by  5-[5-ethyl-2,5-dlhyclrobenzothlazolldene-(2)- 
ethylldene] -rhodanlne  (Dye  II)  in  alkaline  solution.  Its  absorpixlon  curve  with 
aodium  alcoholate  present  [1]  differs  from  that  of  Dye  I  (Fig.  4)  solely  in  that 
all  the  absorption  bands  are  shifted  nearly  parallel  toward  the  longwave  region. 
Evidently,  the  presence  of  two  methenyl  groups  between  the  two  heterocycles  pro- 
'motes  a  greater  bathochrome  effect  of  the  alkali. 

SUMMARY 

1.  The  absorption  curves  of  rhodanlne  and  N-phenylrhodanlne  in  alcoholic 
solutions  of  sodium  alcoholate  have  been  plotted. 

2.  It  has  been  found  that  in  alkaline  as  well  as  in  neutral  alcoholic 
solutions  the  absorption  curves  of  the  coupling  products  of  these  heterocycles 
are  the  result  of  superposition  of  the  absorption  bands  that  are  characteristic 
of  the  individual  heterocycles  and  of  their  coupling  product  as  a  whole. 
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CHANGES  IN  DENSITY  IN  HOMOLOGOUS  SERIES  OP  OROA^iIC  COMPOUNDS 


A. ;  E.  Lutsky 

6«  M*  KlroT  Instituto  of  Choalo&l  Toebnology,  KborkoT 


The  direct  corrolarles  of  Kopp'e  statement  (1842)  on  the  additivity  of  molar 
volume,  V,  were;  the  constancy  of  the  homologous  difference  of  molar  volume,  AVj 
Its  independence  of  the  nature  of  the  functional  group;  and  the  linear  relation¬ 
ship  between  the  value  of  V  and  the  molecular  weight  of  the  number  of  carbon  atoms, 
n,  in  the  hydrocarbon  chain.  Yet,  in  spite  of  more  than  100  years  of  research, 
we  have  been  unable  to  discover  a  strictly  linear  relationship  between  V  and  n 
at  any  comparison  temperature  whatsoever  [i],  Sven  Lessen  [2]  pointed  out  that  V 
rises  faster  than  n  and  proposed  a  formula  in  which  n  is  raised  to  the  second 
power  for  some  homologous  series.  In  1915  Le  Bas  proposed  a  parabolic  formula 
for  computing  the  changes  in  V  in  the  homologous  series  of  saturated  hydrocerbons. 
Nor  were  the  expressions  for  V  as  a  function  of  n  proposed  by  Kauffmann  [3],  Eg- 
loff  and  Kuder  [4],  and  others  any  simpler.  It  was  also  found  that  A V  depends  on 
the  nature  of  the  functional  group,  increasing  in  the  homologous  series  as  the 
number  of  carbon  atoms  in  the  hydrocarbon  chain  rises  [s].  It  was  established 
that  A  V  varies  more  rapidly  in  the  lower  members  of  the  homologous  series  than  in 
the  higher  members,  evidently  approaching  some  limiting  value  as  an  asymptote  [e]. 
The  reason  for  the  absence  of  strict  additivity  of  the  molar  volume  may  be  found 
by  considering  the  nature  of  the  changes  in  density  in  homologous  series. 

Fig.  1  gives  curves  showing  the  density  changes  in  I9  homologous  series  [7]. 
They  confirm  the  view  [e]  that  the  density  approaches  some  asymptotic  value  as 
the  number  of  carbon  atoms  in  the  hydrocarbon  chain  is  increased,  and  that  all 
homologous  series  may  be  classified  into  three  groupss  rising,  falling,  and 
nearly  stable  series,  insofar  as  density  changes  are  concerned. 

The  nature  of  these  curves  enables  us  to  propose  the  following  formula 
for  compuTiing  density  in  homologous  series; 

dn  =  ^lim.  bn^l  '  . 

where  dn  is  the  density  of  the  series  member  with  n  carbon  atoms  in  the  normal 
hydrocarbon  chain;  diim.  is  the  ultimate  density  for  the  given  series;  and  b  is 
a  constant. 

The  values  of  d;LjjQ  and  b  may  be  computed  for  each  series  from  the  data 

for  - i -  and  —  which  in  turn  are  found  by  plotting  n/d  versus  n.  The 

^•‘illm.  ^llm. 

values  of  diim  and  b  for  some  homologous  series  are  given  in  Table  1.  As  these 
figures  show,  both  diim.  and  b  change  appreciably  with  the  nature  of  the  func¬ 
tional  group. 


Tlie  obncrvcd  [o]  vtilueo  of  the  denolty  of 'member 8  of  thcoe  four  homologouo 
Berleo  are  listed  In  Table  2,  together  with  the  values  computed  from  Equation  (l). 
The  dlBcropancloo  arc  less  than  0.^^,  except  In  the  first  two  or  three  membero  of 
each  series.  They  usually  range  between  0.00^  and  0.25^,  l.e.,  they  are  less 


Fig.  1.  Density  Isotherms, 


than  wh^'n  computed  by  D.any  other  fprinulua,  such  as  thone  advanced  by  Kauffman  [3), 
Egloff,  and  Kuder  [4],  and  others.  . 

The  tendency  of  the  density  • 
to  approach  an  asymptotic  value  in' 
homologous  series  is  apparently 
due  to  the  fact  that  the  introduc¬ 
tion  of  the  CH2  group  into  the  hyd- 
carbon  chain  tends  to  increase  as 
well  as  to  lower  the  density.  Ac¬ 
tually,  we  know  that  (except  for 
the  first  few  members  of  the  ser¬ 
ies)  the  dipole  moment  undergoes 
absolutely  no  significant  change  as  the  number  of  CH2  groups  in  the  chain  is  In- 
creasedj  nor  does  the  form  of  the  molecule  change  in  most  Instances.  As  the  chain 
is  lengthened,  the  mass  of  the  molecule  rises  first  of  all,  since  the  density  is 
a  product  of  the  molecular  mass,  m,  and  n,  the  number  of  such  molecules  per  unit 
voliime,  this  ought  to  contribute  to  an  Increase  in  the  density  of  the  compound 
formed.  On  the  other  hand,  the  size  of  the  molecule  rises  as  the  chain  grows 
longer  (the  length  Increases  by  1.2  to  1.3  A  for  each  CH2  group),  which  results 
in  a  diminution  of  their  number  per  unit  volume,  and  hence  in  a  decrease  in  the 
density  of  the  compound. 

If  the  number  of  molecules  per  unit  volume  did  not  change  as  the  number  of 
CH2  groupd  in  the  hydrocarbon  chain  increased,  the  density  of  the  resulting  com¬ 
pound  would  be  proportional  to  the- resulting  relative  growth  of  the  molecular 
weights  -  . 

«n+ 1 

dn+i  =  “w  *  dn  , 

•  ^ 

where  d^  and  Mn  are  the  density  and  the  molecular  weight,  respectively,  of  a 


TABLE  1 


Homologous  series 

Temp . 

^llm. 

b 

Normal  hydro- 
ceurbons  . . 

20* 

0.8665 

+  0.5551 

Thlo  alcohols. . . . 

25 

0.8420 

+41.813 

Normal  alcohols.. 

0 

0.8527 

+  7.250 

Fatty  acids  ..... 

20 

0.877 

-  4.486 

TABLE  2 


Oi^sn+iX 

X  =  H 

! 

(20°) 

X 

II 

CO 

(25°) 

X  =  OH 

(0“) 

X  =  COOH 

(20°) 

n  = 

Comput. 

Observ- 

Comput . 

Observ. 

Comput . 

Observ.. 

Comput . 

Observed 

1 

— 

_ 

0.82229 

0,85691 

0.74911 

0.80999 

1.140 

1.049 

2 

~ 

- 

0.83198 

0.83 147 

- 

- 

0.997 

0.992 

3 

— 

— 

0.83522 

0.83675 

0.81514 

0.82155 

0.959 

0.959 

4 

- 

— 

:  0.83734 

0.85750 

0.82422 

0.82393 

0.939 

0.942  ' 

5 

0.650551 

•0.62638 

0.83795 

0.83750 

!  0.82977 

0,82963 

0.927 

0.929 

6 

0.660551 

0.65942 

0.83863 

0.83826 

!  0.83l350 

0.83336 

0.922 

0.922 

7 

0. '68375 

0.68375 

0.83905 

0.83891 

0.83601 

0.83634 

6.916 

0.910 

8 

0.70229 

0.70283 

0.83947 

0.83956 

0.83865 

0.83848 

0.912 

0.907 

9 

0.71728 

0.71790 

0.83972 

0.84015 

0.83976 

0.84002 

— 

— 

10 

0.72985 

0,72985 

— 

— 

— 

— 

— 

— 

11 

0.7406 

0.7404 

— 

— 

— 

—  ■ 

12 

0.7496 

0.7493 

— 

— 

— 

15 

0.7575 

0,7568 

— 

— 

14 

0.7644 

1  0,7636 

— 

— 

— 

15 

0.7704 

0.7688 

— 

— 

""  i 

16 

0.7758 

0,7749 

compound  with  n  carbon  atoms  In  its  hydrocarbon  chain;  d^^.^  and  Mn^i  are  the  res- 
poctlve  figures  for  a  compound  with  n+i  carbon  atoms.  Inasmuch  as  an  Increase 
in  the  size  of  the  molecule  diminishes  the  density  by  A  d  «  (where 


An  -  n  -  n„  i  l.e.^  the  difference  between  the  number  of  molecules  per  unit 
Yolume^'of  the^compounds  with  n  and  n+i  ceirbon  atoms  in  the  hydrocarbon  chain), 
the  actual  density  is  found  to  be;  „ 

■  •  n-t-i  .  j 

-  Ad  =  —r, —  ^  U 


*n+i 


^n+i 


Mn 


An. 


ment; 


Multiplying  and  dividing  the  last  term  by  d^,  we  get,  after  some  rearrange- 


*nfi 


dn 


(■ 


Mn-t-i 

Mn 


Mn-n 

Mn 


An 

an 


Table  5  gives  the  values  of  Aa/an  computed  from  Equation  (2);  the  relative 
decrease  in  the  number  of  molecules  per  unit  volume  as  the  hydrocarbon  chain  is 
lengthened  by  one  CH2  group.  As  this  table  Indicates:* 

TABLE  3 


Number  of  carbon 
atoms  in  hydro¬ 
carbon  groups 

CnHgn+iX 

X  =  CH3 
(20“) 

ro 

0  II 

0 

X  =  Cl 
(20“) 

X  =  Br 
(20“) 

X  =  SH 
(O') 

X'=  CH 
(0*) 

X  =  COCH3 
(20“) 

X  =  MOa 
(25") 

n  *:  1 

— 

— 

■  — 

0.254 

0.256 

— 

0.253 

2 

- 

- 

- 

0.177 

0.183 

0.197 

0.184 

0.191 

3 

*  “ 

- 

0.154 

0.153 

0.157 

0.161 

0.155 

0.160 

k 

- 

0.136 

0.137 

0.135 

0.135 

0.138 

0.139 

- 

5 

0.118 

0.123 

0.120 

0.118 

0.119 

0.122 

0.121 

— 

6 

0.108 

0.111 

0.106 

0.105 

0.106 

0.108 

- 

— 

7 

0.099 

- 

0.097 

0.096 

0.095 

0.098 

- 

- 

8 

0.090 

- 

0.091 

0.087 

0.087 

0.089 

- 

— 

9 

0.083 

- 

0.082 

0.084 

— 

0.081 

— 

- 

.  10 

0.076 

- 

0.074 

- 

- 

0.075 

- 

— 

11 

0.070 

— 

0.069 

— 

-• 

a)  ^  depends  upon  the  number  of  carbon  atoms  in  the  hydrocarbon  chains 

of  the  initial  compoundsj  as  this  number  increases,  ^  drops,  this  drop  being 

'Steeper  in  the  first  few  members  of  the  homologous  series  than  in  the  last  ones. 
In  other  words,  the  larger  the  size  of  the  molecule,  the  smaller  the  absolute 
as  well  as  the  relative  decrease  in  the  number  of  molecules  per  unit  volume  as 
the  hydrocarbon  chain  is  lengthened  by  one  CHg  group; 

b)  when  the  number  of  carbon  atoms  in  the  hydrocarbon*  chains  remains  cons— 

^  suffers  an  only  negligible  change  as  the  nature  of  the  functional 

group  is  varied  (the  departure  from  the  mean  value  does  not  exceed  1-2^  as  a 
rule;  ^ 

njj  changed  (diminished)  fairly  little  as  the  temperature  is  raised:' 
this  likewise  follows  from  the  data  on  ^  at  various  temperatures  for  normal 
saturated  hydrocarbons,  listed  in  Table  k. 

What  has  been  established  above  enables  us  to  shed  light  upon  the  singular- 
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Itleo  of  dcriBlty  chanfe^  lu  hcmolo^ouQ  aeries.  As  the  number  of  carbon  atoms  In 


hydrocarbon  chains  le  Increased, 


approaches  zero,  and 


approaches  unity. 


Hence,  vhen  the  number  of  carbon  atoms  Is  Infinite,  equals  dj^,  l.e.,  it 

reaches  the  asymptotic  value  of  the  denolty  for  the  given  series.  Inasmuch  as 

An 

cannot  equal  unity,  and  ~  can  never  equal  zero,  dxim.  1b  merely  a  figure  that 
the  density  of  the  series  approaches  asymptotically. 


TABLE  k 


as  the 


However,  to  Judge  from  the  nature  TABLE  4 

of  the  changes  of  and  ^  ,  as  the  = — r— — jn - - - - - 

Mn  '  Number  of  .  . 

hydrocarbon  chains  are  lengthened,  the  carbon  ^ 

limiting  value  of  the  density  may  be  atoms  — — ^0® — — Uo® — — ^0^ 

reached  long  before  the  number  of  carbon  - - - - - — - - ^ - 

atoms  approaches  infinity}  this  occurs 'when  6  O.lOd  0.107  0.104  — 

“n+i  .  7  0.099  0.098  0.097  0.096 

”w - jT —  *  ^  equals  unity;  l.e,,  8  O.O9O  0,090  O.O88  - 

when  the  rise  In  density  due  to  an  in-  ^  “ 

crease  in  the  molecule  mass  is  balanced 

out  by  the  drop  in  density  due  to  the  .  u.ufu  u.ufu 

decrease  in  the  number  of  molecules 

per  unit  volume.  As  Equation  (2)  indicates,  whenever  the  difference 
^n+L  Mn+i  An 

- *  5^  is  greater  than  unity)  the  density  of  the  series  will  rise  as 

the  hydrocarbon  chain  Is  lengthened;  conversely,  it  will  fall.  When  it  is  close 
to  unity,  the  density  of  the  series  will  approach  the  limit.  This  explains  the 
clrcumstEince  that  homologous  series  of  compounds  with  fairly  low  molecular  weight 
(hydrocarbons,  fluorine  derivatives,  etc.)  are  ascending  series,  inasmuch  as 
Mn+i 

their  -r; —  is  large,  whereas  homologous  series  of  compounds  with  comparatively 
high  molecular  weight  (bromine  and  iodine  derivatives  and  the  like)  are .descend- 

A  r>  Mn^  l 


Number  of 
carbon 

^  at  - 

Gl^OUIS 

20”  30” 

0 

0 

0 

6 

0.108  0.107 

0.104 

7 

0.099  0.098 

0.097  0.096 

8 

0.090  0.090 

0.088 

9 

0.083  0.083 

0.083 

10 

0.076  0.076 

0.076 

11 

0.070  0.070 

0.070 

their 


ing  series,  inasmuch  as  their  ^  is  nearly  the  same,  while  their 
small. 


is  fairly 


The  tendency  of  the  density  to  approach  a  limiting  value  in  homologous 
series  satisfactorily  explains  the  above-mentioned  nature  of  the  changes  in  molar 
volume  in  these  series.  It  follows  from  Equation  (l)  that  the  molar  volume: 


v  =  !  = 


d  ^llm.  \ 

is  directly  proportional  to  the  molecular  weight  only  when  the  value  of  n  equals 
Infinity;  only  in  this  case  is  the  homologous  difference  of  the  molar  volume. 


AV,  a  constant. 


14.021 

dlim. 


As  the  number  of  carbon  atoms  in  the  hydrocarbon  'chains 


is  Increased,  AV  approaches  ever  closer  to  this  limiting  value,  Inasmuch 
as  changes  from  one  homologous  series  to  another,  AYiim,  must  also  be  dif¬ 
ferent  in  different  homologous  series. 

SUMMARY 

1.  A  foimula  is  put  forward  for  calculating  the  density  changes  in  homolog¬ 
ous  series  of  organic  compounds. 

2,  It  has  been  shown  that  a  comparative  decrease  in  the  number  of  molecules 
per  unit  volume  as  the  hydrocarbon  chains  are  lengthened  undergoes  only. a  neglig¬ 
ible  change  as  the  functional  group  is  changed. 
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5.  The  nature  of  the  changeo  of  density  In  homologous  series  Is  explained 
by  the  opposite  effects  of  the  Increase  in  maos  and  In  the  size  of  the  molecule 
as  the  hydrocarbon  chain  Is  lengthened. 

4,  The  singularities  In  the  changes  of  molar  volume  in  homologous  series 
are  due  to  the  existence  of  a  limiting  density  In  these  series.  • 
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THE  INTERNAL  DISSOCIATION,  COLOR,  AND  CHEMICAL  ACTIVITY 
OF  INNER  COORDINATION  AND  CYCLIC  SALTS* ** 


V.  I.  Kuznetsov 


Institute  of  Mlnersl  Raw  Materials,  Moscow 


In  aqueous  solutions,  the  salts  of  all  metals  undergo  electrolytic  dissoc¬ 
iation,  which  is  nearly  always  rather  farreaching.  This  holds  true  of  the  salts 
of  organic  as  well  as  Inorganic  acids,  including  those  that  contain  various  sub¬ 
stituents,  such  as  m  or  £-hydroxybenzoic  acid. 

There  is  no  reason  to  suppose  that  the  nature  of  the  bond  between  the  carb¬ 
oxyl  group  and  the  metal  ion  must  change  fundamentally  or  significantly,  provided 
the  substituent  is  located  so  that  a  cyclic  salt  can  be  formed,  as  happens,  say, 
in  o-hydroxybenzolc  acid. 

On  the  other  hand,  there  are  various  reasons  for  believing  that  various 
inner  coordination  salts  and  cyclic  salts,  in  general,  are  characterized  by  an 
Intramolecular  ionic  state  that  resembles,  say,  the  long-recognized  Intramolecular 
ionic  state  of  some  highly  colored  organic  compounds  [5,7].  This  intramolecular 
ionic  state  cannot  be  determined  either  by  the  minimum  formula  for  the  coordina¬ 
tion  compound  or  by  its  outer  dissociation,  characterized  by  the  instability  cons¬ 
tant,  but  it  is  readily  manifested  in  several  properties  of  the  coordination 
compound. 

What  first  strikes  the  observer  in  colored  compounds  is  their  color.  We 
shall  illustrate  this  by  means  of  Ein  example.  3 ^^-Dihydroxyazobenzene-4' -sulf¬ 
onic  acid  (l)  forms  yellow  solutions  in  an  acid  or  a  neutral  medium.  When  alk- 
allnized,  the  color  of  the  solution  turns  dark  pink,  owing  to  the  conversion  of 
compound  (l)  into  a  well-dissociated  phenolate  (ll):  , 

OH  0"  P" 


bS-  ^  ^-0~  j 


3Na+  ' 


(l)  Yellow  solution 


(ll)  Dark -pink  solution 


4-Hydroxy-5-methoxyazobenzene-4' -sulfonic  acid  (ill)  yields  yellow  solutions 
in  acid  or  neutral  media,  and  orange  solutions  (iv)  in  alkaline  ones; 


*The  properties  described  refer  to  cyclic  (chelate,  salts  in  general.  Inpnuc^  as  ^e  nature  of  the  coo^inatin 
coopound  is  not  aliolly  clear  in  nany  cases,  the  term  "inner  coordination  or  coordination  salt  are  used  in 
this  article  in  a  collective  sense,  implying  a  cyclic  salt,  generally  speaking. 

**fe  denote  the  structural  fornula  according  to  views  expressed  by  W.  Dllthey  and  R.  Wltzinger.  Oreanic_^es„i  ’ 
the  Light  of  Coordination  Hie  cry.  United  Scientific  and  Technical  Press,  1936). 


Na+  I  038“ 

(lll)  Yellow  solution 


OClt,  1  P- 

03~  8-^  ^-0'  J  2Na+ 


(IV)  Orange  solution 

The  lighter  orange  color  of  the  monophenolate  (IV)  as  against  the  dor k-p Ink 
color  S  the  dlphcnolafe  (II)  le  the  result  of  the  aggregate  effect  of  two  adja- 
cent  ionized  phenol  groups  In  compound  (II) • 

5,4-Dimethoxyazohenzene.U' -sulfonic  acid  (V),  which  does  not  form  phenol- 
atcB,  is  yellow  In  acid,  neutral,  and  alkaline  solutions. 

^  OCH3 


Na-»- 


O3"  ^-N=N-^"y-OCHa 

.  (Y) 


The  colors  of  solutions  of  compounds  (l),  (lll)^  and  (v)  are  very  similar, 
according  to  visual  estimation  and  their  absorption  curves. 

Hence,  replacing  the  nonlonogenically  bound  hydrogen  in  the  OH  groups  of 
these  compounds  by  a  methyl  group  does  not  affect  their  color  in  the  visible 
region.  The  same  is  true  when  an  aryl  group  is  substituted  for  the  hydrogen. 
Solutions  of  compounds  of  the  following  structure  are  very  similar  in  their  color, 
as  estimated  visually; 


NaO. 


CO 


COOH 
OH 


and 


NaOaS 


CO-O-CsHs 


This  is  a  general  propcsition;  the  colors  of  free  colored  phenols  are  very 
close  to  those  of  their  esters.  This  rule,  which  has  been  known  for  a  long  time, 
has  again  been  confirmed  in  various  instances  [2]. 

Only  in  esters  containing  heavy  aryls  or  alkyls  do  we  find  a  certain  depar¬ 
ture  from  the  color  of  the  phenols,  but  this  departure  is  not  very  great  as  a 
rule. 

The  cited  rule  is  important  to  the  present  paper  insofar  as  the  resemblance 
between  the  colors  of  phenols  and  those  of  their  esters  is  related  to  the  resem¬ 
blance  in  their  structure.  The  oxygen  of  the  phenol  groups  is  in  an  unionized 
state  both  in  the  phenols  and  in  their  esters. 

In  slightly  acid  solutions,  5^4-dihydroxyazobenzene-4' -sulfonic  acid  (l) 
forms  a  coordination  compound  (a  chelate  -salt)  with  gallium,  the  solutions  of 
which  are  reddish-orange,  like  those  of  the  monophenolate  (IV). 

If  both  of  the  bonds  linking  the  gallium  atom  to  the  oxygen  in  the  OH  group 
in  which  gallium  replaces  the  hydrogen  were  fully  covalent,  as  in  the  case  of 
alkyl-substituted  compounds,  the  color  of  the  coordination  compound  ought  to  re¬ 
semble  that  of  the  undissociated  dimethoxy  compound  (V)  or  of  the  original  com¬ 
pound  (I),  inasmuch  as  gallium  ions  have  no  color  of  their  own. 

Since  this  is  not  the  case,  it  may  be  assumed  that  one  Ga~0  bond  in  this 
coordination  compound  is  ionized  intramolecular ly  to  some  extent,  which  we  de¬ 
pict  as  follows:  P'-— 

OsS-^  yN=N-/ 

_  _  _  — — 

disso.ttd.  state  of  the  coordinatlcn  cunpound  »hen  it  is 


}ati 


I 

f 


i 

i 

\ 

I 

i 

I 


TIjIr  hypoth^nln  maker,  the  clooc  rccrmblnnce  of  the  colors  of  compounds  (iv) 
and  (VI )  undernt.andable .  It  Is  also  easy  to  see  why  the  gallium  coordination 
compound  (Vl)  should  have  a  somewhat  more  reddish  hue.  In  this  coordination  com¬ 
pound,  we  have  a  OGa  substituent,  as  it  were,  which  produces  a  somewhat  deeper 
color  than  the  OCH3  substituent  in  compound  (iv). 


The  color  of  the  gallium  coordination  compound  cannot  bo  close  to  the  dark- 
\  pink  color  of  compound  (ll),  inasmuch  as  this  would  require  that  the  bonds  of 
)  both  oxygen  atoms  be  dissociated  simultaneously.  It  is  apparent  that  this  con- 

;  dltlon  con  hardly  be  met  in  view  of  the  very  existence  of  the  coordination  com- 

i  pound  in  dilute  solution.. 

The  choice  of  the  preferable  structure  (Vl)  or(VIl)*  for  the  gallium  co- 
i  ordination  compound  may  be  founded  upon  the  well-known  fact  that  the  color  of 
\  m-hydroxyazo  compounds  Is  Intensified  much  less  upon  alkalinlzation  than  la  the 
j  case  with  ortho  or  para  hydroxyazo  compounds,*^  v 


(VII) 


>  Assuming  structure  (Vl)  for  the  gallium  coordination  compound,  analogous 

i  to  structure  (IV),  we  should  expect  the  colors  of  their  solutions  to  coincide 
as  well  as  those  chemical  properties  that  require  the  presence  of  phenolic  hyd¬ 
roxyl  as  a  dissociated  phenolate.  This  coincidence  of  properties  actually  exists. 

]  The  coupling  of  dlazonium  groups  to  the  phenols,  which  results  In  the 

1  formation  of  azo  dyes,  takes  place  readily  In  an  alkaline  medium,  all  other  con¬ 
ditions  being  equal.  In  the  case  of  a  simple  phenol,  the  strongly  dissociated 
phenolate  (VIIl)  is  most  capable  of  coupling,  while  the  weakly  dissociated 
phenol  proper  (IX),  which  Is  In  that  state  In  neutral  solutions.  Is  much  less 
subject  to  coupling,  and,  lastly,  the  esters  of  the  phenols  (x),  which  do  not 
dissociate  at  all,  do  not  couple  at  all. 


In  the  light  of  resonanie  soocepts  beth  Etructures  lay  be  assuned  to  participate  In  the  color  of  the  galllra 
coordination  coupound.  Clearing  up  this  problem  Is  of  no  fundamental  Inportai^ce  for  the  present  paper. 

**We  have  foimd  that  the  yellce  color  of  alkaline  solutlcns  of  g-hydroiyazobenzcne-p" -sulfonic  acid. 


Is  25  times  as  intense  as  the  yellow  color  of  the  free  acid  or  of  its  sodium  salt,  whereas  in  m-hydroxyarc- 
beneene-p  -sulfonic  acid 


Ho,S 


O" 


OH 


the  yellow  color  cf  Its  alkaline  solutions  are  only  2  to  3  times  as  IntenSo  as  Its  color  In  a  neutral  or 
acid  medium.  • 


Ikr 

»  3 
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O-'J- 

(VIII) 


o-< 


Na+ 


-OH  • 

+  very  little 

/~N-0-]  H+ 
(IX) 


o 


-Oalk 


(X) 


In  a  Boda-alkallne  medium,  the  phenolate  (IV)  Is  capable  of  combining  with 
dlazoBulfanlllc  acid.  Acldulatlcn  results  In  a  reddish-brown  solution.  The  gal¬ 
lium  coordination  compound  (VI )  can  also  combine  with  dlkzosulfanlllc  acid,  giv¬ 
ing  rise  to  a  similarly  colored  reddish-brown  solution  after  phosphoric  acid  Is 
added.  But  inasmuch  as  the  gallium  coordination  compound  possesses  the  structure 
required  for  coupling  even  In  an  acid  medium,  It  can  combine  with  dlazosulfanillc 
acid  In  mlneral-acld  solutions,  which  does  not  happen  with  compounds  (ill)  or  (l). 

The  Inner  structure  of  uncolored  coordination  compounds  may  also  be  determ¬ 
ined  by  their  behavior  In  the  azo  coupling  reaction. 

Pyrocatechln  (Xl)  in  acid  solutions,  for  example.  Is  practically  Incapable 
of  coupling  with  the  same  dlazosulfanillc  acid. 


OH 

Q-oh 


(XI) 


(XII) 


The  fact  that  pyrocatechln  combines  even  In  a  sharply  mineral-acid  medium 
when  gallium  compounds  are  present  indicates  that  we  may  assume  the  existence  of 
an  intramolecular  ionic  state  (XIl)  In  the  pyrocatechin-galllum  coordination  com¬ 
pound.  Coordination  compounds  of  aluminum  behave  like  those  of  gallium. 

It  has  been  previously  shown  that"  the  ability  of  the  elements  to  react  with 
organic  reagents  of  the  R-OH  type  reflects  the  tendency  of  compounds  of  these 
elements  to  hydrolysis  [e].  Elements  whose  compounds  are  hydrolyzed  at  high 
acidities  can  react  with  such  organic  reagents  at  high  acidity. 

Zirconium  and  germanium,  whose  compounds  tend  to  hydrolyze  more  than  do 
compounds  of  gallium  or  aluminum,  form  coordination  compounds  with  pyrocatechln 
in  more  highly  acid  solutions  that  do  gallium  or  aluminum.  It  has  been  found 
that  zirconium  and  germanium  coordination  compounds  of  pyrocatechln  are  likewise 
characterized  by  the  presence  of  an  intramolecular  ionic  state.  The  zirconium 
coordination  compound  couples  with  dlazosulfanillc  acid  in  a  sharply  mineral-  ' 
acid  solution,  whereas  the  germanium  coordination  compound  couples  even  in  a  med¬ 
ium  of  some  6(yf}  sulfuric  acid  or  in  hydrochloric  acid  of  sp.  gr.  1.10.  Similar 
phenomena  take  place  i^ith  other  constituents  of  coordination  compounds. 


-OH 


(XIII) 

Thus.  S-hydroxyqulnollne  (XIIl)  practically  doea  not  combine  at  all  vith 
dlazosulfanillc  acid  in  a  mlneral-acld  medium. 

molecuirn/fi^r^  resulting  copper  coordination  compound,  the 

molecule  of  8-hydroxj'qulnollne  is  activated  so  much  that  coupling  is  Intensive 
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In  n  mlnornl -nclfl  coluilon,  the  resulting  compound  settling  out  as  a  crlmoon- 
vlolct  precipitate.  As  In  the  previous  ensen,  the  structure  of  the  copper  coor¬ 
dination  compounds  may  be  depicted  vlth  internal  dissociation  at  the  Cu-0  bond 
(XIV,  XV)-.*  Inasmuch  as  the  formation  of  a  stable,  veakly  dissociated  bond 

vlth  amino  nitrogen  is  quite  typical  for  copper,  dissociation  along  the  Cu . 0 

bond  is  not  unexpected.  Formally,  the  structure  (XIV)  is  similar  to  the  struc¬ 
ture,  say,  of  the  coordination  compound  [Cu(NH3)4]S04,  where  the  Cu~N  bond  la 

not  lonogenlc,  while  the  Cu . SO4  bond  (via  oxygen)  is  lonogenlc  along  the 

Cu . 0  line. 

In  general  o-phenanthrollne  is  unable  to  couple  vlth  dlazonlum  compounds. 
But  a  ferrophenanthrollne  coordination  compound  couples  vigorously  with  the 
dlazoniums  in  sulfanillc  acid  or  p-nltroanlllne-o-sulfonlc  acid.  Inasmuch  as 
the  o-phenanthroline  coordination  compound  with  copper  does  not  enter  into  these 
couplings,  it  may  be  supposed  that  the  inner  structures  of  ferro-  and  cuprophen- 
anthrollne  coordination  compounds  are  different. 


But  In  every  case  an  intramolecular  compound  is  more  reactive  than  the 
original  constituent.  In  contrast  to  copper,  8-hydroxyqulnollne  combines  slug¬ 
gishly  vlth  diazosulfanilic  acid  in  the  presence  of  aluminum,  even  after  sodium 
acetate  has  been  added,  though  this  coupling  proceeds  rapidly  under  the  same 
conditions  but  with  no  aluminum  present.  This  means  that  under  our  experimental 
conditions,  the  0-Al  bond  in  the  aluminum  coordination  compound  is  at  any  rate 
less  dissociated  Internally  than  the  8-hydroxyqulnoline  Itself  in  an  acetate 
medium.  The  weakly  dissociated  0-Al  bond  approaches  the  undissociated  — O-CHs 
bond  in  8-methoxyqulnoline,  which  is  xmable  to  enter  into  phenol-type  couplings. 

In  a  moderately  strong  alkaline  medium  (-^O.O^N  NaOH),  3^^-dlbydroxyazo- 
benzene-U* -sulfonic  acid  (l)  does  not  form  a  dark-pink  solution  in  the  presence 
of  beryllium,  its  color  being  merely  orange-yellow,  close  to  the  yellow  color  of 
the  free  acid  (l)  or  of  its  methoxy  derivative.  Judging  from  this  color,  we 
may  assume  that  in  an  alkaline  solution  most  of  the  molecules  of  the  beryllium 
coordination  compound  do  not  exhibit  any  noticeable  internal  dissociation. 

This  supposition  is  confirmed  by  the  chemical  properties  of  the  beryllium 
coordination  compounds.  In  alkaline  solutions  these  coordination  compounds  are 
less  active  chemically  than  the  corresponding  phenolates  of  the  alkali  metals. 


Thus,  when  a  solution  containing  pyrocatechin  and  p-aminosallcyllc  acid 
is  alkallnized  with  caustic  soda,  the  mixture  instantaneously  turns  dark  violet  , 
when  shaken  in  the  air,  owing  to  the  formation  of  an  indophenol.  When  beryllium 
is  present,  such  a  mixture  remains  uncolored  at  first,  only  gradually  turning 
pink. 

Phenomena  resembling  those  cited  are  observed  not  only  in  the  formation 
of  azo  compounds  or  indophenols,  but  generally  speaking  in  all  cases  where  the 
properties  and  the  reactivity  of  the  com^pound  depend  upon  its  ionic  state. 

That  is  why  we  can  obtain  an  idea  of  the  presence  or  absence  and  the  amount  of 
internal  dissociation  in  the  molecule  of  a  given  coordination  compound  by 


Magnetochcnlcal  investigations  led  Seguin  M  to  conclude  that  the  metallic  derivatives  of  8- hydroxy- 
quinoline  (in  the  solid  seate)  ought  to  possess  the  structure  A  rather  than  structure  B,  inasmuch  as 
they^re  too  diamagnetic  to  possess  structure  ^  .  He  givesnumerical  data  for  magnesium,  zinc  and 
cadmium  8*hydroxycuinolates. 
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obncrvlnB  the  liittor'i)  rcacllonH  nnd  ccmpurlnR  then  vlth  the  rcuctlono  of  the  co¬ 
ordination  compound  conotltucnt  In  tho  dlaooclatcd  and  undlonoclated  atnte. 

An  ohall  bo  demonntrated  In  another  paper,  the  magnitude  of  the  Internal 
dlSBoclatlon  dependu  upon  the  prevailing  conditions  (pH,  temperature)  and  Is  re- 
lated  to  tho  other  properties  of  the  salts  of  the  elements  and  of  the  coordina¬ 
tion  compound  constituents,  which  enables  us  to  guess  its  order  of  magnitude. 

Besides  their  original  purpose  -  establishing  our  notions  of  the  intramolec¬ 
ular  ionic  state  of  coordination  compounds,  the  foregoing  considerations,  after 
further  development,  may  well  be  of  general  interest  in  chemistry.  Inasmuch  as 
they  aid  in  an  understanding  of  the  relationship  between  the  Internal  structure 
of  a  molecule  and  the  properties  of  substances.  These  considerations  may  also 
be  of  Interest  in  shedding  light  upon  the  mechanism  of  certain  reactions. 

Proposing  to  develop  these  considerations  further  in  subsequent  papers,  we 
shall  confine  ourselves  here  to  brief  Indications  of  the.  most  interesting  aspects, 


1.  Rapid  Determination  (By  Color  Reaction)  Whether  Uncolored 

Coordination  Compounds  Are  Formed  in  A  Solution 

A  (color)  reaction  is  selected  for  the  given  coordination-compound  constit¬ 
uent  which  proceeds  at  moderate  speed  under  the  prevailing  conditions.  Observa¬ 
tion  of  any  acceleration  or  retardation  of  the  reaction  due  to  the  presence  of 
the  element  in  question  enables  one  to  judge  whether  a  coordination  compound  has 
been  formed  under  the  given  conditions  (provided  the  internal  dissociation  of 
the  coordination  compound  and  that  of  the  reagent  are  different  under  the  given 
conditions,  of  course). 

For  example,  a  mixture  of  pyrocatechin  and  diazosulfanllic  acid  may  be 
readily  employed  to  demonstrate  the  formation  by  pyrocatechin  of  colorless  co¬ 
ordination  compounds  with  Al,  Ga,  In,  SblH,  NbV,  MoVi,  Wo^I,  and  other  ele¬ 
ments. 

The  formation  of  soluble  tartrate  coordination  compounds  by  calcium  in 
an  alkaline  medium  may  be  Judged  by  the  fact  that  in  the  presence  of  calcium, 
alkaline  solutions  of  Rochelle  salt  are  oxidized  by  permanganate  more  quickly 
than  when  no  calcium  is  present.  The  difference  in  the  oxidation  rate  is  so 
considerable  that  this  phenomenon  may  be  employed  as  a  color  reaction  for  calcliim, 

A  change  in  the  reactivity  of  compounds  after  they  have  formed  coordination 
compounds  has  been  known  for  some  time  [i,8],  but  it  seems  that  this  is  not  re¬ 
lated  to  a  change  in  the  internal  structure  of  the  coordination-compound  constit¬ 
uent  in  the  sense  set  forth  above.  ^ 

|^pp.^9xlmate__E^jgate_of_^  Magnitude  of  Intramolecular  Dissociation  bv 

Compour^Twith  the  Re-^ 

action  Velocityjgfj(aij,ouej^  Coordination  Compound  Constituent 

V  coordination-compound  constituents  and  elements  that  exhibit 

colour?? ’’y  determining 

Of  the  coordination-compound  constituent  that  imitates  the  color 

compound  cronstltuent  Itself  in  ito  «  i  dissociation  of  the  coordlnatlon- 

the  usual  ^^er  solutions  Is  determined  In 

✓ 

l;_g^Effect_of  pH_^d_^mperature  Up  on  the  Color 
of., Solutions  of  Inner  Coordination  Compounds 

ferences  in  colorof^lnnL^coord^nation  moment,  presuming  to  relate  dlf- 

inner  coordination  compounds  at  various  pH  to  differences  in 
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the  compooltion  of  the  coordination  compounda  (an  in  [4]^  Bay),  the  dlfforencee 
in  color  may  be  attributed  to  the  differencea  In  the  Intramolecular  ionic  otate 
of  the  coordination  compound.  It  lo  eaay  to  underotand  the  effect  of  pH  and 
temperature  upon  the  color  of  oolutlono  of  coordination  compounds  if  we  remember 
the  effect  that  theoe  factors  may  have  upon  the  (intramolecular)  Ionic  state  of  a 
coordination  compound. 

If  we  stay  within  the  confines  of  the  stability  of  coordination  compounds, 
reducing  the  pH  Increases  the'  Intramolecular  dissociation.  In  this  connection, 
at  low  values  of  pH  the  solutions  of  coordination  compounds  are  colored  more  In¬ 
tensively  and  sometimes  In  a  different  hue  than  at  high  pH  values.  If  the  reag¬ 
ents  are  colored  and  the  elements  possess  no  chromophore  action,  the  color  of 
solutions  of  coordination  compounds  approaches  the  color  of  solutions  of  the  alk¬ 
aline  phenolates,  the  lower  the  pH,  the  stronger  being  the  color. 

The  pH  and  the  temperature  have  the  same  effect  upon  the  color  of  solutions 
of  coordination  compounds  formed  by  colorless  reagents  and  elements  that  exhibit 
chromophore  activity.  This  enables  us  to  comprehend  the  effect  of  the  nature  of 
the  substituent  In  a  phenol,  and  the  effect  of  the  pH  and  the  temperature  upon 
the  color  of  solutions  of  coordination  compounds  of  Iron  with  the  phenols, 

4,  Searching  for  New  Color  Reactions  for  Various  Elements 

These  reactions  are  based  upon  an  Increase  In  the  activity  of  the  coordina¬ 
tion-compound  constituent.  For  Instance,  an  acidulated  mixture  of  pyrocatechln 
and  dlazosulfanlllc  acid  turns  red  slowly  when  zirconium,  niobium,  wolfram,  and 
some  other  elements  are  present,  which  may  serve  as  a  color  reaction  for  these 
elements. 

These  color  reactions  are  Interesting  because  the  may  be  exhibited  by  ele¬ 
ments  that  possess  no  chromophore  effect  reacting  with  uncolored  reagents. 

3.  A  Change  In  the  Concept  of  the  Structure  and  Properties 
of  Some  Inner  Coordination  Salts 

Some  Inner  coordination  compounds,  such  as  copper  8-hydroxyqulnolate,  used 
In  Its- gravimetric  form  In  analysis,  or  ferro-o-phenanthrolln  possess  high  enough 
chemical  activity,  which  might  be  borne  in  mind  In  special  cases. 

Allowance  for  intramolecular  dissociation  might  be  useful  in  general  in 
studying  the  structure  of , coordination  compounds.  We  cannot  fail  to  mention  that 
the  structure  of  many  Inner  coordination  compounds  is  often  given  rather  arbit¬ 
rarily  In  the  chemical  literature,  especially  in  the  analytical  literatiire. 

6.  Catalytic  Action  of  the  Elements 

The  concept  of  the  Increased  chemical  activity  of  some  coordination  com¬ 
pounds  in  individual  cases  may  be  extended  to  catalytic  reactions  to  explain  the 
mechanism  of  catalysis,  the  effect  of  veirious  factors  upon  catalysis,  and  a  search 
for  new  catalytic  reactions. 

7.  Facilitating  the  Performance  of  Some  Organic  Syntheses 
That  Proceed  With  Difficulty 

Activation  of  the  molecule  of  the  coordination-compound  constituent  enables 
us  to  perform  reactions  under  conditions  that  Impede  the  side  processes  and  to 
accelerate  sluggish  reactions.  For  example,  the  production  of  azo  dyes  from  pyro- 
catechin  by  the  usual  manner  (in  an  alkaline  medium)  is  hampered  by  the  simultan¬ 
eous  oxidation  of  the  pyrocatechln  under  the  influence  of  diazonlum.  In  the 
presence  of  salts  of  altuninum  and  other  elements,  pyrocatechln  couples  readily 
in  an  acid  medium,  where  the  diazonlum  is  not  oxidized. 
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In  tho  prcooncc  of  calcium  imlto,  It  lo  cany  to  oocuro  diazo  compoundo  (frcM 
dlazoBUlfanlllc  acid,  for  Inotance)  from  chromotropic  acid,  which  are  hard  to  syn¬ 
thesize  by  ordinary  methods.  The  production  of  azo  compoundo  by  coupling  dlazon- 
lums  with  ortho  phenanthrollno  or  with  qulnaldlc  acid  lo  effected  readily  In  the 
presence  of  salts  of  bivalent  Iron,  but  does  not  take  place  at  all  If  no  Iron  la 
present. 

In  view  of  the  Intramolecular  dissociation  of  coordination  compounds,  there 
should  be  no  difficulty  In  finding  similar  Instances  In  which  synthesis  is  facil¬ 
itated  as  well  as  means  of  controlling  the  course  of  reactions. 

SUMMARY 

Many  inner  coordination  compounds,  and  cyclic  salts  in  general.  In  the  dis¬ 
solved  state  are  characterized  by  the  presence  of  intramolecular  dissociation. 

In  coordination  compounds  formed  from  colored  reagents,  the  Internal  dis¬ 
sociation  of  the  coordination  compounds  may  be  determined  by  the  color  of  their 
solutions.  The  color  of  these  solutions  reflects  the  color  of  the  dissociated 
form  of  the  coordination-compound  constituent. 

The  internal  dissociation  of  colored  and  uncolored  coordination  compounds 
may  also  be  discovered  from  their  chemical  properties.  The  properties  of  p.  bound 
coordination-compound  substituent  are  determined  by  its  ionic  state  In  the  coor¬ 
dination  compound.  In  an  acid  medium,  solutions  of  coordination  compounds  of 
the  phenols  with  seme  metals  possess  the  properties  of  solutions  of  the  alkaline 
phenolatesj  they  combine  with  diazonium  compounds,  etc. 

Examples  are  cited  of  the  difference  in  the  chemical  behavior  of  a  coordin¬ 
ation  compound  and  of  the  coordination-compound  constituent  (for  identical  values 
of  the  pH ) . 

The  comcepts  of  the  Intramolecvilar  ionic  state  are  useful  for:  l)  rapid  de¬ 
termination  of  the  formation  of  a  coordination  compound  In  a  solution)  2)  a  prox¬ 
imate  estimate  of  the  magnitude  of  intramolecular  dissociation;  5)  an  understand¬ 
ing  and  an  explanation  of  the  effect  of  pH  and  temperature  upon  the  color  of 
solutions  of  coordination  compounds;  4)  a  search  for  new  color’  reactions  for 
various  elements;  5)  the  development  of  concepts  of  the  structure  and  properties 
of  intramolecular  salts;  6)  explaining  and  finding  new  instances  of  the  catalytic 
action  of  the  elements;  and  7)  facilitating  the  performance  of  some  syntheses. 
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THE  COLOR  OF  SOLUTIONS  OF  CYCLIC  SALTS  * 

Inner  coordination  salts  or,  generally  speaking,  cyclic  salts  of  the  phenols 
may  he  regarded  as  phenolates.  Irrespective  of  whether  they  are  salts  of  alkali 
or  any  other  elements.  As  has  heen  pointed  out  previously  [12],  all  such  phenol- 
ates  exhibit  no  fundamental  differences  in  many  of  their  properties,  provided 
these  properties  are  compared  for  similar  states  of  the  phenolates.  The  latter 
condition  covers  an  Identical  extent  of  dissociation,  which  is  of  the  ordinary 
type  in  alkali  phenolates  and  ’intramolecular"  in  the  cyclic  phenolates  of  other 
elements. 

Identical  dissociation  of  the  phenolates  of  various  elements  is  possible, 
but  it  occurs  at  dissimilar  values  of  pH.  Thus,  solutions  of  the  phenolates  of 
the  alkali  metals  dissociate  readily  in  a  strongly  alkaline  medium,  the  phenolates 
of  many  bivalent  metals  dissociating  iii  a  weedcly  alkaline,  neutral,  or  weakly 
acid  medium,  while  the  phenolates  of  trivalent  and  quadrivalent  elements  usually 
dissociate  only  in  a  strongly  acid  medium. 


For  many  polyvalent  elements,  this  dissociation  is  exhibited  as  an  intra¬ 
molecular  dissociation  in  their  cyclic  salts,  and  direct  methods  of  demonstrating 
the  presence  of  this  sort  of  dissociation  have  been  described  earlier  [^2]. 

In  colored  phenols  and  colorless  cations  **  of  the  elements,  this  intra¬ 
molecular  dissociation  is  also  responsible  for  the  observed  shade  of  color  of 
cyclic-salt  solutions. 


This  relationship  stems  from  the  following  analo©^.  As  we  know,  esterifi 
cation  of  a  colored  phenol  does  not  entail  any  appreciable  change  in  its  color. 
This  rule  was  recently  confirmed  once  again  by  a  comparison  of  the  respective 
absorption  curves  [20], 


In  this  connection,  the  colors  of  solutions  of  the,  following  ccmpounds, 

(I),  (II)  and  (IIl)s 

OH  ,0CH3  OCH3 


(I) 


H03S 


rl  yN=N-/  ^^H  HO3S-/  yN=N-/^}-0 


(II) 


(III) 


CHa 


*^rhe  coile^iTC  lenD  "^chelate"  D^Tcchela  -  "claw"T  is  likewise  employed  to  designate  the  cyclic  -  "clawllkc''  - 
coDfiguration  of  a  salt. 

More  precisely.  In  cations  that  exhibit  no  chromcphore  activity. 
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are  procticnUy  Identical  when  catlmatcd  vloually.  nio  similarity  of  color  lo 
“HaS’ea  lo  a  almllm  lty  of  atatc,  neither  the  estera  nor  the  f 

to  any  appreciable  extent  In  acid  oolutlono.  Therefore,  regarding  metal  phenol- 
ates  as  a  sort  of  phenol  eaters,  we  may  expect  the  colors  of  phenols  and  phenol- 
ateo  to  be  alike  whenever  the  latter  are  In  the  some  undlssoclated  state  as  the 
phenols.  On  the  other  hand,  the  transition  from  a  colored  phenol  to  a  well-dis¬ 
sociated  phenolate  usually  Involves  a  marked  change  and  intensification  of  the 
color.”*  In  this  latter  case,  the  change  In  color  la  due  to'a  change  In  the  Ionic 
state 'of  the  molecule  of  the  colored  compound,  which  exerts  a  particularly  marked 
effect  upon  the  color  [s]. 

If  internal  dissociation  were  as  strongly  manifested  in  solutions  of  cyclic 
phenolates  of  the  heavy  metals  as  in  solutions  of  the  alkali  phenolates,  the 
colors  would  be  practically  the  same  in  both  cases.  When  the  intramolecular  dis¬ 
sociation  is  less,  the  colors  will  lie  in  between  the  color  of  the  phenol  and  the 
color  of  the  alkali  phenolates. 

In  fact,  the  red  to  orange  colors  of  solutions  of  the  cyclic  salts  of  Al, 
Ga,  Sb,  In,  Zr,  and  other  elements  with  5, 4-dihydroxyazobenzene-4' -sulfonic  acid, 
for  example,  lie  between  the  yellow  color  of  a  solution  of  free  phenol  (l)  and 
the  crimson  color  of  solutions  of  alkali  phenolates,  and  they  may  be  reproduced 
very  closely  by  adding  these  two  colors.  The  colors  of  solutions  of  cyclic  salts 
also  coincide  very  well  with  the  colors  of  solutions  of  the  reagent  for  suitable 
pH  values,  .corresponding  to  an  Incomplete  conversion  of  the  reagent ‘into  the 
alkaline  form. 

Similarly,  the  orange,  red,  pink,  or  violet  colors  of  solutions  of  the  cy¬ 
clic  salts  of  various  elements  with  alizarin  S  (IV) 


OH 


SOsNa 


(IV) 


may  be  satisfactorily  reproduced  by  adding  the  yellow  color  of  the  reagent  in 
an  acid  medium  to  the  violet  color  in  an  alkaline  medium,  or  sometimes  even  bet- 
ter,  by  adding  the  yellow  and  pink  colors  In  a  sodium-acetate  medium.  '  At  suit¬ 
able  values  of  pH,  the  color  of  solutions  of  alizarin  S  resemble  the  color  of 
solutions  of  the  latter’s  cyclic  salts  very  closely. 

To  be  sure,  the  color  resemblance  cannot  be  absolute.  But  the  resemblance 
is  great  enough,  however,  to  remove  any  doubt  concerning  the  general  validity  of 
responsible  for  the  color.  The  color  of  solutions  of  cyclic  kits 

reagent  molecule,  vhich  is 

ef r™gen?!*  of  the  color- 

tlon  of's^t^n^•^oth  “'i  it  be  extended  to'  cover  the  dissocla- 

r  nrkf =ie 

Of  „„se,  the  dissociated  and  undiss^cUed 

cycllc'^altrilTirsuUahlv^Later^"  formation  and  affect  the  color  of  the 
colors  Of  solutions  Of  cycllc'^sawf^lr^"*'®  “h®"  this  is  so,  the 

coBpounda.  in  concentrateracldr  ''ith  the  colors  of  the  azo 

•ih.  .  .... 
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^Pinirh-hif»i 


Yellow  oolutlono  of  the  reagent  prevlouoly  doner Ibed,  benzene-2-aroonlc 
acid-  (l-azo-l)-2-hydroxynQphthalone-^,6-dlDulfonlc  acid  (V)  [7,11]  , 


turn  a  raspberry  red  with  thorium  and  the  rare-earth  elements;  this  cannot  be 
attributed  to  the  Ionization  of  the  phenolic  hydroxyl  alone,  Inasmuch  as  alka¬ 
line  solutions  of  the  reagent  turn  only  a  pink-orange  even  when  heated.  But 
solutions  of  the  reagent  In  concentrated  sulfuric  acid  are  a  raspberry  red  that 
Is  close  to  the  color  of  solutions  of  the  cyclic  salts. 

When  the  molecule  of  the  reagent  contains  several  substituents,  there  may 
be  somewhat  different  colored  forms  at  different  pH  values,  owing  to  their  suc¬ 
cessive  Ionization,  ■ 

A  reagent  of  the  structure  (VI ) 


HO  OH 


turned  violet  and  pure  blue  at  pH  values  that  lie  in  between  the  blulsh-red  color 
In  a  mineral  acid  and  the  brown-orange  color  In  ammonia.  Correspondingly,  solu¬ 
tions  of  the  aluminum  salt  of  this  reagent  are  violet,  while  the  calcium  salt 
solution  is  pure  blue  in  an  ammonia  medium. 

In  estimating  the  degree  to  which  the  colors  of  the  sum  of  the  reagent’s 
Ionic  forms  coincide  with  the  colors  of  the  cyclic  salts,  we  must  remember  that 
the  cyclic  salts  are  not  actually  a  simple  mechanical  mixture  of  ultimately  dif¬ 
ferent  ionized  eind  nonionized  forms  of  the  reagents,  of  course. 

This  may  be  very  clearly  seen  in  the 'absorption  curves.  For  many  reagents, 
the  absorption  curves  of  variously  colored  forms  are  fairly  similar  in  appear¬ 
ance,  differing  principally  in  their  locations.  When  the  reagent  is  transformed 
from  one  colored  form  into  another,  what  happens,  in  the  main,  is  merely  a  shift 
of  the  curve,  but  not  a  change  in  its  appearance.  Such  cases  graphically  illus¬ 
trate  the  fact  that  the  shape  of  the  absorption  curves  of  cyclic-salt  solutions 
resembles  that  of  the  absorption  curves  of  both  forms  of  the  reagent  and  lies 
between  them  (Fig.  1;  cf  also  [15^16,22]).  But  the  absorption  curves  of  the  dif¬ 
ferent  forms  of  the  reagent  differ  sharply  from  the  absorption  curves  of  cyclic 
salt  solutions  (Fig.  2);  it  is  only  because  of  the  eye's  ability  to  add  up  colors 
that  we  get  the.  physiological  impression  that  these  colors  are  alike. 

Instances  of  Colors  That  Are  Not  Comparable 

To  be  sure,  all  the  foregoing  color  comparisons  are  usable  only  in  the  sim¬ 
plest  cases.  Not  always. can  the  ionized  states  and  their  related  colors  that  are 
observed  in  eye lie -salt  solutions  be  reproduced  in  solutions  of  the  pure  reagent. 

Let  us  discuss  the  case  of  an  azo  compound  that  contains  both  a  NH2  and  an 
OH  group. 
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issniss 


Fig.  1.-  .  ■ 

’  '  ’  OH 

S-^ 


HO3 


1-Reagent  in  water,  yellow  9- reagent  In 
MUCH,  reddish-orange.  3-6bIII  salt  with 
a  pH  -  4.3,  orange-yellw;  4-Al  salt  at 
pH  -  4.3’,  orange. 


Fig.  2. 


1-Reagent  in  water,  yellow;  2- reagent  in 
KCH,  crimson;  3-SbIIi  salt  at  pH  -  1.6, 
orangB-red;  4*oyerall  color  of  the  yellow 
and  crimson  foims  of  the  reagent.  Imitating 
the  color  of  the  6b  salt  at  pH  -  1.6 


As  regards  the  solution  of  the  reagent  in  a  neutral  medium,  the  NHg  group 
affects  it6  color  during  a  transition  into  the  acid  region,  iriaile  the  OH  group 
controls  the  transition  into  the  alkaline  region.  It  is  evident  that  the  aggre¬ 
gate  effect  of  these  substituents  is  not  compatible  in  solutions  of  the  pure  re¬ 
agent  and  of  its  alkaline  phenolates. 

But  in  the  cyclic  salts  of  some  elements,  which  possess  the  structure  of 
ionized  phenolates  in  an  acid  medium,  the  effects  of  the  OH  and  NH2  groups  upon 
color  may  be  additive. 


[B]: 


This  occurs  in  the  cyclic  salts  of  the  previously  described  reagent  (VIl) 


H2N 


sulfuric  acid,  yellov  In  a  'aharply  acid  medium, 

pl^  In  a  slightly  acid  medium,  and  brovmlsh-oranfee  In  a  neutral  cr  alkaline 
ia6ciiuiu« 

The  ra^°e^hrcAi^J^ir  ^  “U'^^um,  turning  violet,  as  previously  stated  [a] 
rare  earths  can  yield  a  color  rea-tlon  only  In  a  neutral  medium,  turning 
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n 


brown 1  oh  pinkt 

Coloro  that  are  not  comparable  are  often  encountered  In  the  cyclic  oalte 
of  boron,  whoce  cation  Id  often  hydrolyzed  In  concentrated  acids,  where  salt  form¬ 
ation  Is  caused  by  the  azo  group  or  the  oxygen  atoms  of  the  anthraqulnonc  group. 
Benzene-2-arBonlc  acid-  (l-azo-2) -l,8-dlhydroxynaphthalene-5,6-dlsulfonlc  acid 
reacts  with  boron  In  oulfurlc  acid,  turning  green-blue,  whereas  the  color  of  the 
reagent  Itself  Is  merely  blue-violet  In  sulfuric  acid  and  pink  In  water  and  alk¬ 
alies. 

A  speclpl  type  of  Inconpar ability  often  encountered  Involves  a  difference 
In  the  Intensity  of  the  colors,  rather  than  In  their  hues,  which  Is  due  to  the 
presence  of  a  more  prominent  Ionic  state  In  the  cyclic  salt  than  in  the  solutions 
of  the  pure  reagent.  Thus,  yellow  solutions  of  4-hydroxy-5-c8Lrboxyazobenzene-4' - 
sulfonic  acid  (VIIl) 


'  COOH 


(VIII) 


is  5.5  times  less  intense  at  a  pH  =  4.5  than  an  equimolecular  concentration  of 
its  A1  salt  in  solution  at  the  same  pH  (ix).  When  the  pH  of  the  solution  of  the 
cyclic  salt  is  Increased  considerably,  the  free  valency  bond  of  the  aluminum  in 
the  latter  is  hydrolyzed,  its  ionic  state  vanishes,  resulting  in  the  disappear¬ 
ance  of  the  effect  of  this  state  upon  the  colorj  this  causes  the  color  to  grow 
paler. 

Similarly,  in  solutions  of  ferritartrate  coordination  compounds,  the  yel¬ 
low  color  is  twice  as  intense  at  a  pH  of  5*5  as  it  is  at  a  pH  of  9*  This  in¬ 
teresting  Influence  of  the  pH  upon  the  intensity  of  the  color  of  cyclic  salts 
will  be  discussed  in  greater  detail  in  a  special  report. 

In  general,  colors  that  are  not  comparable  are  encountered  in  reagents  that 
contain  several  different  salt-forming  groups,  whose  salt  formation  affects  the 
color  and  takes  place  at  different  pH  values. 

In  such  systems,  the  complex  internal  effect  upon  the  color  of  the  cyclic 
salts  may  strikingly  reflect  the  nature  of  the  element  entering  into  the  salt  as 
well  as  the  introduction  of  various  substituents  into  the  reagent.  All  this 
makes  this  kind  of  compound  an  interesting  reagent  for  color  reactions  of  various 
elements.  Some  examples  of  such  color  reactions  are  listed  in  Table  1. 

The  Effect  of  the  pH  upon  the  Color  of  Cyclic -Salt  Solutions 

After  our  discussion  of  the  foregoing  data,  explaining  the  effect  of  the 
pH  upon  the  color  of  solutions  of  intramolecular  salts  and  cyclic  salts,  in  gen¬ 
eral,  presents  no  difficulty.  This  effect  consists  of  a  change  in  the  amount  of 
Intramolecular  dissociation,  the  significance  of  which  for  color  is  obvious  from 
what  has  been  set  forth  above. 

Organic  reagents  of  the  R-OH  type  do  not  react  at  all  with  metal  cations  in 
solutions  that  are  excessively  acid.  As  the  pH  rises,  about  to  the  value  at  which 
solutions  of  simple  salts  of  the  given  element  begin  to  hydrolyze,  i.e.,  at  which 
even  a  single  undlssoclated  Me'O  bond  can  be  formed,  the  reaction  sets  in  [10], 

For  example,  in  5,4-dihydroxyazobenzene-4' -sulfonic  acid  (l),  which  yields 
yellow  solutions, "a  cyclic  salt  of  the  following  structure  is  formed: 
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Color  React lone  of  Copper,  Silver,  Mercury,  and  Cobalt  with  Azo  Derlv- 

, _  atlveo  of  8-Hydroxy([ulr\ollne 

_  I  ^  [  Co loro 

1  . i„:n — n: 


N02 

-(^N.K 


9  O2N 


10  I  Indophenol 


»H  Greenieh-  Brown  Brownish-  Red-vlo-  Violet 
yellow  violet  let 


Reddish- 

yellow 


Gras 8- 
green 


Blue- 
vlolet, 
turning 
to  gray- 
black 


Violet. 

gray 


Blue- 

violet 


fte  colore  depend  markedly  upon  the  pH.  The  Indicated  colors  (solutions  +•  precipitates)  apply  to  the  pH 
that  Is  best  suited  for  each  case. 

was  Investigated  ^  an  analytical  reagent,  but  under  conditions  that  were  wholly  unsulted 
tlois  reSiSS°iiJlStl?Sd°!}^  (S  or  nitric  add,  as  a  result  of  which  Its  color  reac- 


OaS-^  y-N=N-^ 


The  other  valency  bonds  of  the  ion  are  as  yet  nonlonogenlc .  The  valency 
bond  that  closes  the  ring  Is  also  partially  ionogenic.  That  is  why  intramolec¬ 
ular  dissociation  occurs  in  this  cyclic  salt,  and  the  color  of  the  cyclic-salt 
solution  that  corresponds  to  its  magnitude  approaches  the  color  of  solutions  of 
well-dissociated  alkaline  phenolates.  In  the  present  instance,  this  color  will 
be  pink  or  red. 

As  the  pH  is  raised  still  higher the  intramolecular  dissociation  of  the 
cyclic  salt  decreases,  and  as  a  result,  the  color  of  the  latter's  solutions  pass 
through  an  orange  tone  and  approach  more 'and  more  closely  to  yellow,  which  is 
typical  of  the  undlssociated  form  of  the  original  reagent. 

Obviously,  the  cyclic  salts  of  various  elements  may  exhibit  different- 
colors  at  the  same  value  of  pH.  Thus,  with  the  above  reagent,  a  solution  of  a 
Balt  of  trivalent  antimony  is  yellow  at  pH  =  6,  whereas  the  aluminum  salt  is 
red.  This  is  quite  understandable,  since  we  know  that  the  salts  of  trivalent 
antimony  are  hydrolyzed  at  a  lower  pH  than  salts  of  alumlniim. 

This  simple  relationship  is  a  general  rule:  as  the  pH  is  raised,  the  color 
of  solutions  of  already  existing  cyclic  salts  changes  so  as  to  make  the  shade 
approach  the  color  of  the  undissociated  form  of  the  colored  reagent.  In  general, 
this  rule  applies  to  salts  of  elements  that  exhibit  no  chromophore  action  (Fe,  Co, 

Tho  bond  that  is  Intxanolccularly  dissociated  is  denoted  by  the  da.sbed  line  and  the  signs  of  the  charges 

are  attached  to  the  ntens  involved.  ^  j  .  „iwi  *1.  . 

Itis  structure  lo  tc  be  regarded  as  Blaply  tho  structure  of  the  predominating  content.  It  is  possible  that 

other  strdrture::  x.xj  bo  jresrat. 


TABLE  2 

Effect  of  pH  Upon  the  Color  of  Solutions  of  Intramolecular  and  Cyclic  Salto. 

A.  Colored  Reagento  (Coordination-Compound  Constituents )  of  the  R-OH  Type. 

* - - -  ■  Solution  color 

El<?*  Colored  reagent  Acid  mediuml  Urotropin  or  I  Ammonia 


No.  Ele¬ 
ment 


sodium  acet- 

_ ate  added 

*Ferron*' 

coordina¬ 
tion  compound.  Dark  green  Dirty  brovn 
One  reagent .  Pale  yellow  Yellow 


added 


Orange 

Barely 

yellowish 


Benzene-2-sulfonlc  acld- 
( l-azo-5 )  -8-hydr  ojcyquino- 
line 


3  A1 


Crimson, 
turning  to 
blue  pre- 


I  TV 

^  Ti  Benzene-2-arsonlc  acid- 
(l-azo-2)-l,8-dihydroxy- 
naphthalene-5 ,6-dlsulf on- 

ic  ad  id  TTT 

Ti-’-*  coordi- 
As03H2  ho  oh  nation  com- 

/-\  XX  pound . 


NO 


One  reagent 

SO3H 

Nltroso-**Rr  salt 

Zr****  coordina¬ 
tion  compound 
H  ^ 

One  reagent , . 


Red- 

violet 

Red-pink 


Yellow 

Yellow 


(slightly 
acetic 
acid) 
bright- 
pink  pre¬ 
cipitate 
Barely 
pinkish 


Pale 

brownish 


Pale 

brownish 


Red-  ■ 
violet 
Pink 


Yellow 

precip. 

Yellow 


Dark 

pink 

Dark  pink 


(strongly 

hydro¬ 

chloric) 

Orange  Yellow 

Light-  Yellow 

yellow 


J  *"  ereat  eicaaa:  rt.cn  the  ctcens  Is  not  .0  ,rc.t. 
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Table  2  (continued) 


Cu,  etc.),  but  it  is  sometimes  applicable  without  this  restriction  (Table  2). 

Cases  are  conceivable  in  which  the  colors  of  solutions  of  the  cyclic  salt 
and  the  reagent  are  practically  identical  at  a  given  pH.  We  may  frequently  Judge 
whether  the  cvclic  salt  is  at  all  present  in  such  solutions  by  the  presence  of 
the  element  in  solution  —  when  no  soluble  reagent  is  present,  the  element  settles 
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out  ao  a  Ijydroxldo.  llilo  lu  often  obnervod  for  antimony  and  other  element e,  whooe 
Balts  hydrolyze  readily. 

If  a  cyclic  Balt  that  does  not  exhibit  Intramolecular  dissociation  is  not 
decomposed  in  alkaline  solutions,  Its  color  corresponds  to  that  of  acid  solutions 
of  the  reagent  vhen  the  reagent  used  is  of  the  R-OH  type.  This  color  is  usually 
not  as  deep  as  that  of  alkaline  solutions  of  the  reagent.  Formation  of  the  cyclic 
salt  "blocks"  the  grouping  of  the  reagent  and  does  not  allow  It  to  enter  the  Ion¬ 
ized  state  ("blocking  color  reaction"). 

The  foregoing  data  refers  to  colored  reagents  and  uncolored  metal  cations. 

The  same  pattern  Is  observed  In  the  case  of  the  cyclic  salts  that  are  formed 
by  uncolored  reagents  and  elements  that  exhibit  chromophore  activity.  The  latter 
Include  the  elements  whose  compounds  are  either  colored  or  absorbent  in  the  near 
ultraviolet  (Fe,  Cu,  Cr,  Co,  etc,).^ 

With  uncolored  reagents,  the  intramolecular  dissociation  of  the  cyclic  salts 
again  drops  as  the  pH  Is  increased.  But,  inasmuch  as  the  color  depends  upon  the 
chromophore  action  of  the  element  in  this  Instance,  the  hue  of  the  color  will  ap¬ 
proach  the  color  of  the  undissociated' form  of  the  element's  compound.  With  re¬ 
agents  of  the  R-OH  type,  the  color  of  the  element's  hydroxide  is  a  limit  of  this 
sort. 

That  Is  why  the  color  of  the  solutions  of  all  such  cyclic  salts  approaches 
the  color  of  the  element's  hydroxides  when  the  medium  is  sufficiently  alkaline, 
provided  no  decomposition  or  change  has  already  occurred.  For  instance,  the  color 
of  cyclic  salts  of  trivalent  iron  approaches  the  brown-yellow  color  of  ferric 
hydroxide,  chromium  salts  turn  green,  and  titanium  salts  are  decolorized,  since 
neither  the  reagent  nor  the  hydroxide  of  the  element  is  colored. 

In  acid  solutions  the  ferrisalicylate  coordination  compound  is  violet,  while 
it  is  brown  in  neutral  media.  In  the  light  of  the  structural  comments  set  forth 
above,  the  violet  (not  the  browni)  coordination  compound  in  the  solution  may  be 
represented  as  follows;  ,  ^ 


Q-O-Fe"*^  or  ^  V-O-^ 

coo  ^COO'^- 


vFe 


++ 


like  the  structures  of  the  ferric  coordination  compounds  of  phenol  or  of  nhenol 
-o-sulfonic  acid,  which  exhibit  the  same  violet  color:  Phenol- 


^  y-O-Fe-H^ 


but  not  as 


COO 


(as  is  sometimes  done  in  the  literature  [i\), 

OElnlons  Expressed  In  the  on  the 

Color  of  Cyclic-Salt  Solutions  with  pn 

The  literature  contains  many  referencf^s  4 

cyclic-salt  solutions  with  the  pH^  Ig^orin^t^^  variation  of  the  color  of 
the  varying  color  is  said  to  be^due  Papers,  we  might  note  thal 

compoundjXchelate  salts  [4]),  accordinffo  coordination 

The  effect  of  the  chronophore  activitv  of  ®  ^  latest  notions  (1947). 

in  general  will  be  discussed  in  a  coonlinatlon  salts  and  of  cycUc  sal 
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I 


MSK.; 


For  Instance,  A. K. Babko  gives  the  following  relationship  for  cyclic  ferric 
salts  with  pyrocatechln  (R  group  of  the  pyrocatechln)  [2]; 


Medium 


Color 


Composition 


Acid 

Neutral 

Alkaline 


Green 

Violet 

Red 


FeR+ 

FeR^ 

FeRg— 


Bimllar  figures  are  given  for  the  cyclic  salts  of  the  ferrlsallcylates  [1], 
the  cuprlsallcylates  [a],  etc. 


Similar  results  are  cited  for  the  ferric  salts  of  pyrocatechlndlsulfonlc 
acid  by  Joe  and  Jones  [21],  who  also  note  that  the  mechanism  governing  the  color 
shift  is  not  definitely  established.  To  Judge  by  the  structure  they  cite  (cf  the 
original) ,  these  authors  relate  color  to  the  extent  of  coordination  of  the  iron; 

4  -  blue;  5  -  violetj  and  6  -  red.'^  Similar  views  are  expressed  in  many  other 
papers . 

In  discussing  these  considerations,  without  touching  upon  the  composition  of 
the  salt  in  detail,  the  color  of  the  ferric  salts  of  pyrocatechln  or  of  pyrocatechin- 
disulfonlc  acid  must  change  when  the  pH  is  changed,  owing  to  a  change  in  the  ionic 
state  of  the  iron  atom  and  in  the  ionic  state  of  the  oxygen  atoms  in  the,  phenolic 
hydroxyl  groups.  The  number  of  the  latter  rises  at  first  during  a  transition  from 
acid  to  alkaline  solutions  and  then  drops,  owing  to  the  step-by-step-formation  and 
decomposition  of  complex  coordination  compounds. 


After  the  ionic  state  of  the  oxygen  atoms  in  the  phenolic  hydroxyl  groups 
has  disappeared  as  the  result  of  the  partial  decomposition  of  the  complex  coordina¬ 
tion  groups,  the  color  of  the  remaining  soluble  cyclic  ferric  salts  ought  to  be 
close  to  that  of  ferric  hydroxide,  according  to  our  hypothesis. 


These  requirements  of  the  hypothesis  have  been  fully  confirmed  by  experi¬ 
ment  . 

VRien  a  concentrated  solution  of  KOH  is  added  to  solutions  of  ferric  coor¬ 
dination  compounds  of  pyrocatechln  or  'pyrocatechindlsulfonic  acid,  the  red  color 
of  the  slightly  alkaline  solutions  changes  to  orange  and  then  to  an  Intense  yellow, 
no  formula  having  been  suggested  for  these  compounds  in  the  literature  as  yet. 

:  When  the  yellow  solutions  are  heated  (and  even  in  the  cold  in  the  case  of  the 
coordination  compounds  of  pyrocatechindlsulfonic  acid),  the  addition  of  solid  KOH 
results  in  a  marked  weakening  of  the  color  intensity.  The  resulting  intensity  of 
the  color  of  the  yellow  solutions  in  this  state  is  close  to  that  of  the  color  of 
;  a  fine  suspension  of  ferric  hydroxide  of  equivalent  concentration.  When  the  solu- 
i  tion  is  diluted  with  water,  the  color  reverses. 

’!  The  existence  of  a  sli^tly  colored  soluble  state  is  readily  proved  for 

.  ferric  cyclic  salts  of  sulfosalicylates  as  well.  Here,  too,  the  fact  that  such  a 
:  state  exists  is  hard  to  bring  into  agreement  with  the  views  expressed  in  the  llt- 
■  erature  [ 1 ] . 

When  a  dilute  solution  of  caustic  soda  is  carefully  added  to  the  intensely 
yellow  ammonlacal  solution  of  a  ferrisalicylate  cyclic  salt,  we  note  that  the  in- 
•  tensity  of  the  color  begins  to  pale,  finally  approaching  a  color  that  is  close  to 
the  color  of  a  ferric -hydroxide  suspension  of  equivalent  concentration.  When  more 
caustic  soda  is  added  in  excess  to  the  resulting  transparent  solution,  the  color 
does  not  undergo  any  further  noticeable  change,  but  the  solution  turns  cloudy,  as 
the  result  of  decomposition  of  the  cyclic  salt  and  precipitation  of  the  ferric 
hydroxide. 


»  —  — 

In  a  later  magnetcx^eajlcal  Investigation  of  these  coordination  ccnpounds  it  was  found  that  the  bonds  of  the 
Irwi  atoas  are  CwSoatlallj  iunio.  . 
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TABLE  5 

Effect  of  pH  upon  the  Color  of  Solutlono  of  Inner  Coordination  and  Cyclic  Balts 

B.  Uncolored  Reagent o  of  the  R  -  Oil  Type 


No 


Ele- 
i  ment 


1  Felll 


11 


Cu 


II 


T1 


IV 


Uncolored  reagent 


a.  Pyrocate- 
chlndlBulf- 
onlc  acid 


HOeS  f  < 

6O3H 


OH 


OH 


COOH 


b,  Sulfosali- 
cyllc  acid 


SO3H 


c.  p-Amlno- 
phenoldisull'onlc  acid 


a.  Sulfosallcyllc  acid 
a.  Pyrocatechln 


b . Pyrocatechlndisulf onic 
acid 


c.  Gallic  acid 


d.  Sulfosallcyllc  acid 
a.  Sulfosallcyllc  acid 
a.  Chromium  sulfate  (green) 


b.  Nltrilotrlacetic  acid' 


>CH2-C00H 

N^CHa-COOH 

N:H2-C00H 


The  reagent  Itself  turns  brown. 


c.r.„nd  IS  ..11, 


pa*  o 


According  to  the  literature;  changeo  in  the  color  of  pure  inorganic  coordi¬ 
nation  compoundo  ("inorganic  Indlcatoro")  as  the  pH  1b  varied  ore  due  to  a  change 
in  the  compoBltlon  of  the  coordination  groups.  For  example;  the  ultraviolet  ab¬ 
sorption  spectrum  changes  in  the  reaction  tPt*6NH3]Cl4  NaOH  =  [Pt ‘^NHs ’NHslCla  + 
^NaCl  +  H2O  [17], 

The  red-violet  aqueous  solutions  of  chromite braquodlpyridine  chloride, 
(CrPy2(H20)4]Cl2,  turn  into  the  whitish  gray-green,  slightly  soluble  coordination 
compound  [CrPy2(0H)2(H20)2]Cl  when  acted  upon  by  ammonia  or  pyridine  (P.  Pfeiffer, 
1906  [e].  The  colors  and  the  reversibility  of  the  color  transformations  Indicate 
that  this  compound  resembles  Compound  No.  11  in  Table  with  nltrilotrlacetic 
acid.  The  author's  observations  Indicate  that  the  considerations  set  forth  above 
generalize  and  explain  a  large  number  of  facts.  Nevertheless,  the  author  is  far 
from  believing  that  the  cited  concepts  are  completely  developed. 

What  ve  need  is  a  quantitative  investigation  of  these  phenomena  by  special 
methods,  inasmuch  as  the  ordinary  suialytlcal  determination  of  the  gross  composi¬ 
tion  of  the  compounds,  which  are  isolated  in  solid  form  for  this  purpose,  is  not 
always  suitable. 

In  some  form  or  other,  the  cited  views,  which  essentially  deal  with  the 
color  of  the  stage  of  the  ionic  nature  of  the  bonds,  may  be  applied  to  noncycllc 
coordination  compounds  and  "simple  salts"  as  well.  These  notions  agree  with  the 
resonance  concepts  that  have  been  so  vigorously  developed  of  late. 

In  some  cases,  the  hypothesis  may,  the  author  believes,  be  useful  in  its 
present  form.  The  hypothesis  satisfactorily  explains  the  effect  of  temperature 
upon  the  color  of  cyclic-salt  solutions,  as  will  be  described  in  detail  in  another 
communication. 

These  considerations  are  also  of  use  for  understanding  the  internal  mechan¬ 
ism  of  color  analytical  reactions,  which  interest  the  author  very  much,  especially 
reactions  with  colored  organic  reagents.  The  views  that  have  gained  wide  accep¬ 
tance  at  the  present  time,  which  link  color  reactions  to  the  so-called  character¬ 
istic  ("  specific"  )  atomic  groupings,  are  obviously  Inadequate  as  ah  explana¬ 
tion  of  the  Internal  mechanism  of  color  reactions. 

SUMMARY 

The  color  of  solutions  of  inner  coordination  salts  and  of  cyclic  salts  in 
general,  formed  with  colored  reagents,  is  due  chiefly  to  the  state  of  their  intra¬ 
molecular  dissociation 

In  many  instances,  the  colors  of  solutions  of  the  cyclic  salts  of  various 
elements  are  close  to  the  colors  of  solutions  of  the  original  reagents  if  the  pH 
values  are  suitable;  they  may  be  reproduced  by  adding  the  colors  of  solutions  of 
the  ionized  and  nonionized  forms  of  the  reagent.  The  colors  of  the  ionized  forms 
(phenolates,  azo  salts)  are  observed  when  the  reagents  are  dissolved  in  media 
with  different  pH,  as  well  as  in  concentrated  sulfuric  acid. 

In  some  cyclic  salts,  the  effect  of  several  atomic  groups  upon  the  color 
may  all  coincide,  though  their  effect  is  not  additive  in  solutions  of  the  pure 
reagent.  Such  colors  cannot  be  observed  in  solutions  of  the  pure  reagent,  nor 
can  they  be  reproduced  by  adding  the  colors  of  its  different  forms. 

The  color  of  solutions  of  the  cyclic  salts  formed  by  elements  exhibiting 
chromophore  activity  and  uncolored  reagents  approaches  the  color  of  the  elements' 
hydroxides  as  the  pH  increases.  This  -is  due  to  the  diminution  of  the  intramolec¬ 
ular  dissociation  of  the  cyclic  salts  and  a  probable  simplification  of  their  com¬ 
position,  resulting  in  partial  decomposition  of  more  complex  coordination  compounds. 


With  colored  rertKcuto,  the  color  upprouchco  the  color  of  the  non-lonlzcd 
form  of  the  reagent  ao  the  pH  is  Incrcaced. 

in  accordance  with  the  requirements  of  this  hypothesis,  ve  have 
hrlKht-yellow  and  pale-yellowish  cyclic  salts  of  Iron  with  pyrocatech^  and  p^o- 
catechindlBulfonlc  acid,  which  are  not  described  In  the  literature.  The  existence 
of  these  salts  Is  hard  to  reconcile  with  the  opinions  set  forth  In  the  modern  lit¬ 
erature  on  the  link  between  the  composition  and  the  color  of  coordination  com¬ 
pounds  . 

The  views  set  forth  are  of  Interest  In  explaining  the  mechanism  of  analy¬ 
tical  color  reactions  with  some  organic  reagents. 
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THE  EFFECT  OF  CONTINUOUS  RENEWAL  OF  THE  CATHODIC  MERCURY  UPON 
THE  PROCESS  OF  ELECTROLYTIC  REpUCTION  OF  ORGANIC  COMPOUNDS..  II 


V,  V.’ Levchenko' and  K.  V.  Meleshko 

I  Chair  of  Qeoeral  Cbealstry,'  Uoaoow  Inatltate  of  Stonatologloal  liedlolno 

i  ■  '  .  ^  .  ■ 

j  The  researches  of  Wilson  [^,2]  have  demonstrated  that  electrolytic  reduc- 

.  tlon  effected  In  the  usual  manner  vith  a  mercury  cathode  Is  fully  analogous  to  re- 
:  ductlon  effected  with  a  sodium  amalgam.  His  Investigations  led  him  to  conclude 
that  mercury  as  a  cathode  material  exerts  no  catalytic  effect  upon  the  process 
-  of  electrolyi-lc  reduction.  According  to  Wilson,  only  cathodes  made  of  porous 
nickel  and  platinized  platinum  exhi'bit  such  an  effect. 

In  our  first  report*  we  showed  that  when  the  cathode  mercury  was  rapidly 
renewed  during  the  reduction  of  aconltic  acid  or  quinoline  and  its  derivatives, 
the  rate  of  reduction  is  greatly  increased,  while  compounds  are  produced  that 
are  not  secured  by  ordinary  reduction  methods.  An  explanation  "based  on  recogni- 
.  tion  of  the  catalytic  action  of  a  renewed  mercury  cathode  was  offered  for  this 
phenomenon. 


Moreover,  we  have  noticed  another  effect  of  renewing  the  cathode  mercury 
upon  the  reduction  process.  These  latter  cases  are  the  subject  of  the  present 
report. 

1.  Diminishing  the  Rate  of  Electrolytic  Reduction  During 


Continuous  Renewal  of  the  Cathode  Mercury 

In  contrast  to  the  reduction  of  aconltic  acid  or  quinoline  and  its  deriv¬ 
atives,  the  renewal  of  cathode  mercury  has  a  diametrically  opposite  effect  in  the 
reduction  of  naphthalene  and  anthracene.  As  has  been  discovered  in  the  present 
investigation,  when  naphthalene  and  anthracene  are  reduced'  electrolytically  with 
a  mercury  cathode  in  an  alkaline  medium,  they  yield  the  same  products  as  when  re¬ 
duced  by  sodium  amalgam  [3^4],  namely;  dihydronaphthalene  and  dihydroanthracene.. 
In  both  cases  electrolytic  reduction  at  the  cathode  with  stationary  mercury  is 
found  to  closely  resemble  reduction  with  , sodium  amalgam.  But  in  these  cases,  re¬ 
newing  the  cathode  mercury  produces  an  unexpected  result':  the  reduction  process 
slackens,  stopping  entirely  when  the  flow  of  mercury  is  fast  enough  -  with  a  Jet 
cathode,  as  is  shown  in  the  subjoined  tabulation  of  the  results  of  one  series  of 
experiments  (Table  l).  ^ 

The  reduction  of  naphthalene  and  anthracene  at  an  unrenewed  mercury  cathode 
in  an  alkaline  medium  is  essentially  reduction  at  a  cathode  consisting  of  an  amal¬ 


gam.  The  complete  loss  of  the  amalgam  when  the  cathode  mercury  is  renewed  rapidly 
results  in  complete  stoppage  of  the  hydrogenation  of  the  naphthalene  and  the 
'  Jour.  GcQ.  Chem7  18..  1237  (1M8). 
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TADLK  1 

Test  condition 

Yield  of  di- 

Yield  or  di- 

hydronaphth- 

hydroonthra- 

alene.  ^ 

cene, 

Stationary  - 

67.5 

mercury. . . . . • 

35.0 

Slowly  renewed 

mercury  C0.I5 

4.6 

49.5 . 

kg/mlri). . 

Rapidly  renew¬ 
ed  mercury 
(0.5  kg/mln) . . 

3.1 

11.8 

Very  rapidly 
renewed  merc¬ 
ury  (1  kg/mln] 

0.0 

0.0^ 

nnUiraccnc.  Tholr  eloctroJyllc 
reduction  doeo  not  tako  place  at 
all  at  the  real  mercury  electrode 
(in  an  alkaline  medium  with  rapid¬ 
ly  renewed  mercury). 

Nor  are  naphthalene  and 
anthracene  electrolytlcally  re¬ 
duced  In  an  acid  medium.  Despite 
numerous  endeavors,  we  were  un¬ 
able  to  secure  even  traces  of 
hydrogenation  products  of  either 
one  by  reduction  in  an  acid  medium. 

g.  Renewing  the  Cathode  Merc- 
•  ury  Has  No  Effect  Upon  the  Re¬ 
duction  Process  ' 

Wilson  found  [2]  that  the  electrolytic  reduction  of  sorbic  acid  at  a  merc¬ 
ury  cathode  is  not  at  all  different  from  its  reduction  by  sodium  amalgam. 

Sorbic  acid,  CH3~CH=CH-CH=CH-C00H,  yields  caproic  acid,  CH3-CH2-CH2-CH2  - 
-CH2-C00^  upon  ultimate  reduction;  when  its  reduction  is  Incomplete,  three  unsat¬ 
urated  /\a-,  and  acids; 

CH3-CH2“CH2“CH=CH-C00H  , 

CH3“CI^-CH=CH-CH2-C00H,  '  ■ 

CH3-CH=CH-CH2-CH2“C00H  . 

Vision  showed  that  when  sorbic  acid  is  reduced  at  platinum  and  nickel  cath¬ 
odes  (which  he  includes  among  the  cathodes  that  exhibit  catalyliic  action),  much  of 
the  sorbic  acid  undergoes  complete  reduction,  as  much  as  62.8^  of  caproic  acid 
being  produced;  a  fairly  large  amount  of  the  products  of  incomplete  reduction  — 
the  A^->  and  AY"^ihy^osorblc  acids  -  is  also  secured,  the  Aa-dlhydrosorbic 
acid  yield  being  fairly  considerable  (l6^  and  higher). 

When  reduced  at  cathodes  that  exhibit  no  catalytic  action  (among  which  Wil¬ 
son  classes  mercury),  sorbic  acid  yields  no  product  of  complete  reduction  at  all  - 
caproic  acid,  and  of  the  unsaturated  acids  only  a  mixture  of  the  Ap-  and  Ay-acids 
is  formed. 

As  Wilson  sees  it,  this  difference  in  the  reduction  products  is  due  to  the 
absence  of  any  catalytic  action  of  the  cathode.  In  this  case  the  reduction  process 
takes  place  solely  as  the  result  of  the  cathode  potential. 

To  ascertain  the  part  played  by  the  mercury  cathode  in  the  reduction  of  sorb¬ 
ic  acid,  we  ran  reduction  experiments  with  a  mercury  cathode,  at  various  rates  of 
lllTla  agreement  with  Wilson- s  investigations,  we  we^ru^! 

Soyel  -  whetL^th^  “  mercury  cathode  vas  em- 

's  rsrl; 

«...  5-.s‘s:  ss  isuru*:.;;  " 

These  results  Justify  our  concluding  that  a  mercury  cathode  exerts  no 
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TABLE  2 


Mercury  at 

Yield  of  reduction  products, 

the  cathode 

^  (mean  of  two  tests) 

iDihydrooorbic  acid ] 

Caprolc 

A  a 

A  P  and  AY 

acid 

Stationary 

4.4 

50.9 

.  0.0 

Renewed 

5.9 

50.7 

0.0 

catalytic  action  in  the  reduction  of  corbie  acid.  What  dlctlnguicheD  corbie  acid 
io  that  it  is  readily  reduced  in  the  manner  indicated  (predominantly  the  formation 

of  Ap-  and  Ay -dihydrooorbic  acido)  at 
a  given  cathode  potential;  there  la 
no  need  for  a  catalyst  in  this  case. 
That  is  why  sorbic  acid  is  reduced 
with  Identical  recults  by  amalgams  of 
equivalent  composition  (sodium,  ammon¬ 
ium),  Devarda's  alloy,  or  electrolyt- 
ically  at  the  following  cathodes:  mere 
ury,  cadmium,  copper,  tin,  and  zinc 
,  (according  to  Wilson).  Nor  does  the 
medium  “  alkaline  or  acid  -  introduce 

any  significant  change  into  the  reaction.  For  this  very  reason,  the  continuous 
renewal  of  the  cathode  mercury  has  no  effect  upon  the  reduction  of  sorbic  acid,  as 
proved  by  the  present  investigation,  •  ' ’  , 

All  the  data  cited  above  Indicates  that  there  are  three  possible  cases  of 
the  variation  of  the  elec tr or educing  process  with  the  renewal  of  the  cathode  merc¬ 
ury. 

Case  l.(aconitic  acid,  quinoline  and  its 'derivatives)  is  characterized  by 
the  positive  effect  of  renewing  the  cathode  mercury  upon  the  reducing  process. 

The  output  of  reduction  products  increases  as  the  rate  at  which  the  cathode  mercury 
is  renewed  is  increased.  These  are  obviously  catalytic  reactions,  and  in  these 
reactions  mercury  is  a  good  catalyst.  It  is  advisable  to  employ  a  renewable  merc¬ 
ury  cathode  in  such  reactions.  .  i 

Case  2  (naphthalene,  anthracene)  is  characterized  by  the  negative  effect 
of  renewing  the  cathode  mercury  upon  the  reduction  process.  The  output  of  reduc¬ 
tion  products  decreases  as  the  rate  at  which  the  cathode  mercury  is  renewed  is 
increased,  dropping  to  zero.  In  this  case,  reduction  at  a  cathode  of  stationary 
mercury  is  due  to  the  action  of  the  resulting  amalgam  of  the  alkali  metal. 


In  these  cases  a  renewable  mercury  cathode  may  be  usefully  employed  in  an 
alkaline  medium  to  slow  down  the  reduction  process  when  electrolysis  is  performed 
without  a  diaphragm.  This  effect  of  renewing  the  cathode  mercury  explains  the 
production  of  dihydronaphthalenes  in  the  electrolysis  of  phthallc  acid  [s].  The 
use  of  rapidly  renewed  cathode  mercury  in  these  cases  may  eliminate  the  reduction 
process  completely,  while  performing  electrolysis  without  a  diaphragm  enables  one 
to  have  only  oxidative  processes  take  place.  This  method  is  suitable  for  the 
electrolytic  oxidation  of  phthalic  acid,  for  instance. 

Case  3  (sorbic  acid)  is  characterized  by  the  absence  of  any  noticeable 
effect  of  renewing  the  cathode  mercury  upon  the  reducing  process.  The  output  of 
reduction  products  is  unaffected  by  an  increase  in  the  rate  at  which  the  cathode 
mercury  is  renewed.  This  reaction  takes  place  readily  without  the  employment  of 
catalysts;  all  we  need  here  is  the  suitable  cathode  potential.  In  these  reac¬ 
tions,  a  mercury  cathode  exhibits  no  advantages.  (The  concepts  advanced  by  Wil¬ 
son  and  referred  to  above  are  applicable  only  to  these  reactions.) 

Certain  slngulsiritles  are  noticed  in  each  case  in  an  acid  medium. 

In  Case  1,  the  reduction  process  is  similar  to  its  course  in  an  alkaline 
medium,  provided  the  catalytic  action  of  the  mercury  persists  in  the  acid  medium, 
and  the  prevailing  conditions  do  not  Interfere.  In  Case  2,  no  reduction  is  to 
be  expected  in  an  acid  medium,  as  has  been  observed  to  be  the  case  with  naphtha¬ 
lene  and  anthracene.  In  Case  5^  changing  the  medium  for  the  reaction  should  not 
have  any  appreciable  effect  upon  the  reduction  process  (provided  no  special  sin¬ 
gularities  are  present),  as  is  found  to  be  the  case  with  sorbic ^ac id. 


TAHLE  3 


TAI3I£  4 


■  , - - - 

r 

Medium 

Alkaline 

1  Acid 

Test  conditions 

yield. 

Yield 

_ - 

Hydro¬ 

benzoic 

acids 

Benzyl 

alcohol 

Hydro- 

benzole 

acid 

Benzyl 

alco¬ 

hol 

Stationary  1 

mercury . 

76.0 

8.0 

0.0 

25.1 

Rapidly  re¬ 
newed  mercury 

0.0 

0.0 

0.0 

24.9 

Test  conditions 

I  Temperature 

0 

0 

mm 

Glyoxylic  acid, 
yield,  i> 

Stationary 

20 

26.9 

mercury  . 

Rapidly  renewed 

mercury 

30 

270 

Difference  of 

10 

0.4 

In  some  Instances,  changing  the  medium  in  which  the  reaction  takes  place 
may  result  in  a  significant  change  in  the  effect  of  reneVing  the  cathode  mercury 
upon  the  reduction  process.  For  example,  the  following  change  in  the  product 
yield  as  a  function  of  the  reaction  medium  is  observed  in  the  reduction  of  benzoic 
acid  (Table  3). 

In  an  alkaline  medium,  hydrobenzoic  acids  and  benzyl  alcohol  are  formed. 

As  the  table  (Table  5)  shows,  the  effect  of  renewing  the  cathode  mercury  upon  their 
formation  comes  under  Case  2,  as  in  the  reduction  of  naphthalene  and  anthracene 
(the  output  of  reduction  products  dropping  to  zero  when  the  mercury  is  renewed 
rapidly) ,  In  an  acid  medium,  the  ring  is  not  hydrogenated  at  all,  only  benzyl  al¬ 
cohol  being  formed,  and  renewing  the  mercury  has  no  effect  upon  the  reduction  pro¬ 
cess,  which  corresponds  to  Case  5;  as  in  the  reduction  of  sorbic  acid. 

When  the  temperature  is  raised,  the  effect  of  renewing  the  cathode  mercury 
(Case  1)  is  obliterated.  We  observed  this  marked  effect  of  raising  the  tempera¬ 
ture  in  our  reduction  of. oxalic  acid  to  glyoxylic  acid,  as  indicated  in  the  attached 
summary  of  the  results  of  one  series  of  teats,  (Table  4). 

EXPERIMEHTAL 

1.  The  Electrolytic  Reduction  of  Naphthalene 

The  naphthalene  solution  used  in  electrolysis  was  prepared  as  follows.  2 
g  of  naphthalene,  purified  by  sublimation,  was  dissolved  in  90  ml  of  ethyl  alco¬ 
hol}  Just  before  electrolysis  10  ml  of  an  aqueous  solution  containing  4.5.  g  of 
caustic  potash  was  added  to  the  first  solution.  The  anolyte  consisted  of  a  lOi 
solution  of  caustic  potash.  .  > 

instance  1*5  g  of  naphthalene  was  reduced  at  a  cone-shaped  cathode, 
with  a  current  density  of  38.5  amps  per  sq  dm  and  a  voltage  of  12  volts.  Elect¬ 
rolysis  lasted  1  hour  and  30  minutes, 

th-  t^Perature  vas  maintained  at  Uo".  When  stationary  mercury  was  used' 

trowir  was  diluted  with  three  times  its  own  volume  of  water  after  elec-  ’ 

trolysls  was  completed  and  then  extracted  with  ether  until  all  th“  products  It 

Mon^^asV^''  a""?  The  ether  was  driven  off  after  th^e?herea^  so^u- 

“^hicrciiru^^u?"^'"-  f"™  Of 

dlhydroSphthflSe  lnto“he®dlb?omlder°Recrystalllzatlor^r^h°" 

from  alcohol  yielded  colorless  rrvQfaie  tallization  of  the  reaction  product 

and  chemical  Uert^r^^  t:^:JS™d:ct-^a;e1dI^n;i::i  w^ii 
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Ulo  dlhydrobromldo  produced  by  broiulnutdng  the  dlhydronaphthulcne  prepared  by  re- 
iiuclnc,  naphthalene  with  oodiiun  amulgujn  [s]. 

The  rcot  of  the  product  wao  treated  with  an  alcoholic  solution  of  picric 
acid.  A  fine  yellow  cryotalllnc  precipitate  settled  out  upon  standing.  The  pro¬ 
duct  was  recrystallized  from  alcoholj  m.p.  1^8-149®.  A  test  sample  mixed  with 
the  naphthalene  plcrate  prepared  from  naphthalene  Indicated  no  depression.  It 
was  thus  pi’oved  that  the  oily  product  we  had  secured  was  a  mixture  of  dlhydronaph- 
thalene  and  unchanged  naphthalene.  .  _ 

We  then  reduced  naphthalene  with  stationary  mercury  and  with  mercury  that 
flowed  slowly,  rapidly,  and  very  rapidly.  A  set  of  10  15-g  samples  of  naphthalene 
was  reduced  In  each  series.  The  electrolytes  of  all  the  ten  tests  in  a  set  were 
combined,  diluted  with*  three  times  their  own  volume  of  water,  and  extracted  with 
chloroform  until  all  the  dlhydronaphthalene  and  the  residual  naphthalene  had  been 
extracted.  The  amount  of  dlhydronaphthalene  in  the  resulting  chloroform  solution 
was  determined  by  brominatlon  after  the  solution  had  been  desiccated  [e].  The 
results  are  given  in  Table  5* 


TABIi;  5 


Cathode  Mercury 

Amount  of  mercury 
passing  through  the 
apparatus  per  min. 

Bromine  used 
in  bromina- 
tion 

Dlhydronaphthalene 
corresponding  to  the 
amount  of  bromine  used 

(in  kg) 

B 

g 

% 

Stationary . . . 

0.0 

6,90 

5.59  ■ 

35.0 

Moving  slowly . 

0.15 

0.91 

0.74 

4.6 

Moving  rapidly . . . 

0.5 

0.62 

0,50 

3.1 

Moving  very  rapidly. . 

1.0 

0.0 

-  0.0 

0.0 

We. were  unable  to  reduce  naphthalene  in  an  acid  medium,  despite  repeated 
endavors. 

2.  The  Electrolytic  Reduction  of  Anthracene 

1  gram  of  anthracene,  purified  by  recrystallization  from  alcohol,  with  a 
m.p,  of  216®,  was  reduced  In  each  test.  This  quantity  of  anthracene  was  dissol¬ 
ved  in  100  ml  of  9^‘Jo  ethyl  alcohol,  which  contained  5  g  of  caustic  potash  in  solu¬ 
tion.  A  saturated  solution  of  caustic  potash  in  95^  alcohol  served  as  the  anolyte. 
The  cathode  was  made  of  mercury,  and  the  anode  of  platinum. 

Electrolysis  was  effected  with  stationary  mercury  at  a  current  density  of 
5»3  anip  per  sq.  dm.  and  a  voltage  of  44-45  volts,  .  The  temperature  rose  'to  55“ 
toward  the  end  of  electrolysis.  Electrolysis  lasted  45  minutes. 

The  catholytes  of  three  test  runs  were  combined.  After  the  cloudy  solut¬ 
ion  had  cooled,  a  copious  precipitate  settled  on  the  bottom  of  the  vessel j  it 
was  filtered  out.  This  precipitate  proved  to  be  unchanged  anthracene  (O.7O  g). 

Then  the  transparent  filtrate  was  brought  to  a  boil,  and  water  was  added  until 
it  turned  cloudy.  Upon  cooling,  1,50  g  of  a  precipitate  with  a  m.p,  of  IO3-IO5® 
settled  out.  Another  0.54  g  of  a  precipitate  with  a  m.p,  of  104-105°  was  recov¬ 
ered  from  the  filtrate  by  the  same  method.  The  last  two  precipitates  were  com¬ 
bined  and  dissolved  in  alcohol.  The  resulting  solution  was  brought  to  a  boll  and 
diluted  with  water  until  it  turned  cloudy.  Upon  cooling  we  secured  a  precipitate 
with  a  m.p,  of  105°.  A  test  sample,  mixed  with  dlhydroanthracene  prepared  by 
the  Wieland  method  [“*]  exhibited  no  depression.  All  the  other  physical  euid  chem¬ 
ical  properties  of  this  product  were  wholly  Identical  with  those  of  dihydroeui- 
thracene  prepared  by  reducing  anthracene  with  sodium  amalgam. 
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We  then  reduced  anthracene 
with  otatlonary  mercury  and  with 
Blowly,  rapidly,  and  very  rapidly 
renewed  mercury.  In  each  case,  a 
set  of  10  ooBipleo,  with  10  g  of 
anthracene  In  each,  wao  reduced. 
The  electrolyteo  of  each  set  of 
ten  teota  were  combined,  and  the 
dlhydroanthracene  isolated  from 
them.  The  test  results  are  listed 
In  Table  6. 

We  were  unable  to  effect 
the  reduction  of  anthracene  In  an 
acid  medium,  despite  repeated 
efforts  to  do  so. 


TAHI£  6 

Amt,  of  mercury  Yield  of 
Cathode  mercury  passing  through  dlhydro- 
the  apparatus  anthracene 
per  minute  •  •  •• 

kg  g  I  jo 


St^atlonary . 

Moving  slowly, , 
.Moving  rapidly. 
Moving  very 
rapidly . 


6,8  67.3 
5.0  49,5 

4,2  11,8 

0,0  OiO 


3,  The  Electrolytic  Reduction  of  Sorbic  Acid 

The  catholyte  used  for  electrolysis  consisted  of  a  solution  of  6  g  of  sor¬ 
bic  acid  in  150  ml  of  10^  caustic  potash.  The  anolyte  was  a  caustic  potash  solu¬ 
tion  of  the  same  concentration.  The  current  density  was  26,9  amp  per  sq,  dm;  the 
voltage  waq  12,5-13  voltsj  and  the  temperature  was  kept  at  23-25®  by  a  cooling 
system.  Electrolysis  lasted  2  hours.  Tests  were  made  of  electrolysis  with  a 
cathode  consisting  of  stationary  mercury  and  with  rapidly  renewed  mercury  in  a 
Jet  cathode, 

The  catholyte  was  treated  as  follows.  The  solution  was  strongly  acidified 
^d  then  extracted  three  times  with  50  ml  of  ether;  the  product  resulting  from 
desiccation  ^d  driving  off  the  ether  was  distilled  in  vacuum  to  recover  the  mix¬ 
ture  of  dlhydro  acids.  A  fraction  with  a  b.p.  of  14®  at  23  mm  pressure  was  col- 

resulting  product  was  used  to  determine  the  amount  of 
determine  the  amount  of  added  Iodine 

tarting  with  the  quantities  of  bromine  and  iodine  absorbed,  we  determined  the 
^ount  of  caproic  acid  and  Aa-dlhydrosorbic  acid  and  the  totll  TT^Tt 


Cathode 


Distillate  with 
b.p,  of  140® 

(23  mm),  dlhydrc 
sorbic  acids,  ar 
caproic  acid,  g 


TABUS  7 

Resulting  products 


Add¬ 

Correspon¬ 

Add¬ 

ed 

ding  quan¬ 

ed 

brom¬ 

tity  of 

iod¬ 

ine. 

dlhydro 

ine. 

g 

acids,  g 

g 

Stationary  mercury 

Test  1 . 

Test  2 . 

Renewed  mercury 
(Jet  cathode) 

Test  1 . 

Test  2 . 


4.418 

4.904 


4.946 

^>558 


6.484 

7.146 


7.023 

6.417 


Corresponding  quan- 

_ tlty  of _ _ 

^-dlhydro  and  Ay 
acids  dlhydro 

_ _ acids 

S  %  g  IS 

0.24  4.00  2.91  48.5 
0.30  4.70  3.20  53.3 


0-34  5.70  3.19  53.2 
0.36  6.00  2.89  48.2 
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The  Electrolytic  Reduction  of  Benzole  Acid 

In  an  alkaline  medium,  2  g  of  benzoic  acid  dlBoolved  In  50  ml  of  52^  caus¬ 
tic  potash  was  subjected  to  reduction.  Tlie  anolyte  was  a  10^  solution  of  the  alk¬ 
ali.  Electrolysis  was  effected  with  a  current  density  of  6.5  amp  per  sq  dm,  a  volt¬ 
age  of  15  volts,  and  u  temperature  of  40® .  Electrolysis  lasted  1  hour.  The  cath- 
olytes  of  5  tests  were  combined  and  treated  by  the  Aschan  method  [7]. 

In  an  acid  medium,  2  g  of  benzoic  acid  dissolved  In  27*5  of  SC>$  ethyl 
alcohol  was  subjected  to  reduction;  12.5  ml  of  50^  sulfuric  acid  and  12.5  ml  of 
water  were  also  added  to  the  solution. 

Electrolysis  was  effected  at  a  current  density  of  6,5  amp  per  sq  dm,  a  volt¬ 
age  of  10  volts,  and  a  temperature  of  25*.  Electrolysis  lasted  1  hour.  The  com¬ 
bined  catholytes  of  three  tests  were  treated  together.  • 

The  results  of  these  experiments  are  listed  In  Table  8. 


TABLE  8 


1  Medium 

Test  conditions 

Alkaline 

Acid 

Yield 

Yield 

lydrobenzolc 

Benzyl 

Hydrobenzolc 

Benzyl 

acids 

alcohol 

acids 

alcohol 

.  g 

.  g- 

I0 

g 

Stationary  mercury . 

^.5 

76.0 

0.48 

8.0 

1.506- 

25.1 

Rapidly  renewed  mercury. 

— 

— 

— 

— 

1.494 

24,9 

5.  Production  of  Glyoxyllc  Acid  by  Electrolytic  Reduction  of  Oxalic  Acid 

Experiments  were  riin  on  the  reduction  of  oxalic  acid  at  temperatures  of  10 
and  25®  with  a  cathode  of  stationary  mercury  and’' of  rapidly  renewed  mercury.  2.2 
g  of  oxalic  acid  In  40  ml  of  15^  sulfuric  acid  ■fras  used  In  each  test.  Electroly¬ 
sis  was  continued  for  50  minutes  at  a  current  density  of  6  amp  per  sq  dm  and  a 
voltage  of  5.  volts.  Three  tests  were  run  In  each  series. 

The  amount  of  glyoxyllc  acid  was  determined  lodometrlcally.  The  results 
obtained  In  each  series  of  tests  are  listed  In  Table  9» 


TABLE  9 


1  Temperature  10°  _  , 

Temperature  25 

0 

Test  conditions 

Yield,  g 

Average , 
g-  • 

Yield,  g 

Ave. 

g  - 

Stationary  mercury. . 

0.45,  0.44,  0.45 

0.44 

20 

0.60,  0v^8,  0.59 

0.59 

26.9 

Rapidly  renewed 
mercury . . . . 

0.65,  0.66,  0.67 

0.66 

50 

0.60,  0.59,  0.61 

0.60 

27.5 

SUMMARY 

1.  As  a  cathode  material,  mercury  may  exhibit  catalytic  action  In  the  elec¬ 
trolytic  reduction  process,  though  not  In  every  Instance. 
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2.  This  is  rolfttcd  to  the  differing  effect  of  renewing  the  cathode  mercury 
upon  the  process  of  electrolytic  reduction. 

Case  1.  If  the  catalytic  action  of  the  cathode  material  lo  required,  In 
addition  to  a  given  value  of  the  cathode  potential,  for  the  reduction  of  the  de¬ 
polarizer  (depending  upon  the  nature  of  the  latter)  and  mercury  exhibits  this  ac¬ 
tion^  the  continuous  reduction  of  the  cathode  mercury  promotes  the  reduction  pro¬ 
cess. 

Case  2.  If  the  mercury  does  not  exhibit  a  catalytic  action,  the  reac¬ 
tion  that  occurs  in  sji  alkaline  medium  at  a  mercury  cathode  that  is  not  renewed 
(i.e.,  at  an  amalgam)  ceases  when  the  renewal  of  the  mercury  is  rapid  enough. 

Case  3.  If,  depending  upon  the  nature  of  the  depolarizer,  only  a  given 
value  of  the  cathode  potential  is  required  for  reducing  it,  renewing  the  cathode 
mercury  has  absolutely  no  effect  upon  the  reduction  process, 

3,  In  Case  1  reactions,  using  a  renewed  mercury  cathode  is  useful, 

k.  In  Case  2  reactions j  using  a  renewed  mercury  (jet)  cathode  in  an  alkaline 
medium  makes  it  possible  to  eliminate  the  reduction  process  entirely.  In  this  man¬ 
ner  conditions  may  be  set  up  for  having  only  anodic  processes  take  place  without 
having  recourse  to  the  use  of  a  diaphragm. 

5,  In  Case  3  reactions,  there  is  no  advantage  in  using  a  renewable  mercury 
cathode.,.  . 
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THE  ELECTROLYTIC  HYDROGENATION  OP  ACETALS  WITH  A  TRIPLE  ROND 


I.  A.  Shikhlev 

‘"^oratory  oX  Organic  Cfiealstry,  Institute  of  Chemistry, <  Aserbaijan  U66R  Academy  of  So 

The  electrolytic  hydrogenation  of  acetals  having  a  triple  bond  is  of  prac¬ 
tical  as  well  as  theoretical  interest.  No  research  has  been  done  up  to  the  pres¬ 
ent  on  the  hydrogenation  of  triple-bond  acetals  to  double  bond  ones. 

There  are  several  references  in  the  literature  [i]  to  research  on  simple 
vinyl  ethers.  These  methods  of  producing  simple  vinyl  ethers  are  based  upon  the 
reaction  of  halogen  derivatives  of  hydrocarbons  with  alcoholates  or  alcohols  in 
organic  solvents  in  the  presence  of  alkalies.  But  all  these  methods  of  producing 
simple  vinyl  ethers  were  not  widely  employed  in  the  chemical  industry. 

In  1888,  A.E.Favorsky  [2],  in  his  research  on  the  isomeric  conversions  of 
acetylenic  hydroceorbons,  found  that  alcohols  condense  with  acetylenic  hydrocarbons 
in  the  presence  of  alkalies.  This  paper  by  A.E.Favorsky  stimulated  numerous  re- 
seeurches  in  this  field  [3], 

A~T*erent  and  original  method  for  producing  simple  vinyl  ethers  is  the  meth¬ 
od  worked  out  by  A.E.Favorsky  and  M.F.Shostakovsky  [4],  This  method  is  based  on 
the  reaction  of  acetylene  with  alcohols  in  the  presence  of  highly  alkaline  catal¬ 
ysts.  In  addition  to  the  vinyl  ethers,  various  vinyl  acetals  [5]  can  be  synthe¬ 
sized  by  reacting  vinyl  ethers  or  a-chloro  ethers  with  vinyl  alcohols. 

Several  reBe6u*chers  have  found  [s]  that  the  chlorine  in  a-chloro  ethers, 
where  the  halogen  is  attached  to  a  carbon  atom  of  the  alkoxy  group,  is  extremely 
active.  These  a-chloro  ethers  react  readily  with  alcohols,  forming  acetals,  as 
well  as  with  tertiary  amines,  forming  quaternary  ammonium  salts,  which  in  turn 
react  even  more  readily  with  alcohols,  as  follows; 

1.  CHa-O-CHsCl  +  ROH  - >  CH3-O-CH2-O-R  +  HCl 

2.  CH3-O-CH2CI  +  NR3  - >  [CR3-0-CH2-NR3]‘^  Cl 

3.  [  CB^-0-CH2“-NR3  I"*"  Cl  +  ROH  - >  CH3-O-CH2O-R  +  [HNR3]'*’  Cl 

With  the  above-mentioned  papers  as  a  basis,  I  set  as  my  objective  the  syn¬ 
thesizing  of  acetals  with  a  triple  bond  for  electrolytic  hydrogenation,  thus  dis¬ 
pensing  with  the  synthesis  and  identification  of  the  quaternary  ammonium  salts. 

I  begem  this  research  as  far  back  as  19^6  [7].  Acetals  with  a  triple  bond  were 
produced  by  reacting  a-chloro  ethers  with  acetylene  alcohols  in  absolute  ether  in 
the  presence  of  dimethyl aniline,  quinoline,  or  powdered  caustic  soda. 

The  resulting  acetals  boll  over  a  wide  temperature  range.  The  data  in  the 
literature  [s]  might  lead  one  to  assume  the  disproportionation  of  the  mixed  acetal 


during  tho  dloill l/itton  of  the  resulting  products,  But  when  distillation  was  re- 
pcttted|  VO  always  got  a  product  that  boiled  within  narrow  limits  and  was  a  chem¬ 
ically  homogeneous,  individual  product  according  to  all  indications. 

According  to  the  literature  [0],  acetals  decompose  into  alcohols  and  ethers 
upon  catalytic  hydrogenation.  We  were  interested  in  learning  how  triple-bond  acet¬ 
als  would  behave  when  they  were  electrolytically  hydrogenated  to  a  double  bond. 

A.E.Favorsky  and  his  school  [lo]  found  that  when  acetylene  alcohols  were 
hydrogenated  electrolytically,  a  molecule  of  hydrogen  Is  added  at  the  triplo  bond, 
resulting  as  a  rule  in  the  formation  of  vinyl  alcohols. 

With  this  as  a  premise,  I  began  the  electrolytic  hydrogenation  of  acetyl¬ 
enic  acetals  by  the  method  developed  by  A.E.Favorsky  and  A. I. Lebedeva  [lo].  Hyd¬ 
rogenation  was  effected  in  accordance  with  the  following  equation; 


yC  B  CH  - 
'^VCHg-O-R 


Ha. 


R(^  /CH=CH2 
R”^  ^tKCH2-0R 


The  structure  of  some  of  the  resulting  vinyl  acetals  was  demonstrated  by 
synthesis  according  to  the  following  reactions: 

1  R-O-CH  r-  ^  _  1.-&-CH2-0-R 

T'^^CBa  CsHsNCCHsJa  ’  |^CH=CH2 

R*  .  R" 

^ere  R,  R',  R"  =  CH3. 

R^ 


«  I /OH  *1  ^O-CHp-O-R 

2.  R-O-CH2CI  +  C' 

|^=CR2  NaOH  ^^CH=CH2 

where  R*  =  CH3)  R,  R"  =  C2H5. 


-OH 


experimental 

j-)_Synthesis  of  the  Methoxy  Methyl  Ether  of 


CH3  ^0-CH2-0-CH3 


CHa 


‘OeCH 


a  dimethylaceyienyl  carbinol  was  prepared  by  the  A.E.Favorsky  method  [11 

with  ^  '’y  I”  the  course  of  I.5  hours, 

thillin«  to  -10”,  to  UO  g  of  dlmethylacetylenylcarblnol 

etrp^e.pera:ur^^“^in;yeir:errfor::r^^e'':pp:rily^^ 

watert^^lHel  then  with  . 

14  g  ’'2^07?  f  «l“«thylacetyieDylcarblnol  was 

Le?yle;i;'a«^:ryeUow  Llt:r:L’''ha  • 

characteristic  copious  white  precipitate  ilth  aLmlacS  sllvw  Strate!''^*  “ 
dig  0.8909;  n|o  I.425O;  MRd  36.72. 
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frs 

let- 


j 


! 


CrHiL’Op'f-  ,  Computed;  Mi<D  35 -Ol. 

^•^575  8  Bubntnncej  16,10  g  benzene;  At  0,57** 
0.2214  g  Dubotunce;  l8.l8  g  benzene;  At  0.47*. 
Found;  M  127.2,  132.66. 

CyHipOg.  Computed;  M  128. 

0.1076  g  Bubotance:  0.2500  g  CO2J  O.O99O  g  H2O, 
0.2065  g  Bub stance:  O.4920  g  CO25  O.I98O  g  H2O. 

Found  C  65.59,  65. 00;  H  10.22,  10.66. 
C7H12O2.  Computed^:  C  65.62;  H  9.57. 


2)  Synthesis  of  the  Ethoxy  Methyl  Ether  of  Dlmethylacetylenylcarblnol; 

C^3^  ^0~CH2~0^2^ 

.  CHs  C=CH  ^  . 

4o  g  of  a-chloro  methyl  ethyl  ether  was  added  in  the  course  of  an  hour  and 
a  half ,  with  constant  stirring  and  chilling  to  -8* ,  to  52  g  of  dlmethylacetylenyl- 
carbinol  and  26  g  of  dlmethylanillne.  The  whole  was  then  stirred  for  another  two 
hours  at  room  temperature.  Two  layers  were  formed  in  the  reaction  flask.  The 
upper  layer  was  separated  from  the  lower  one.  The  lower  layer  was  extracted  with 
ether.  The  extract  was  added  to  the  upper  layer,  which  was  washed  with  a  weak 
solution  of  hydrochloric  acid  and  three  times  with  water,  and  then  desiccated 
above  Na2S04. 


The  yield  of  the  ethoxy  methyl  ether  of  dimethylacetylenylcarbinol  was  24,5 
}  g  (or  27.87^,  based  on  the  alcohol  used).  B.p.  120-122°.  The  resulting  acetal 
turns  yellow  quickly  in  storage,  has  a  pleasant  odor,  and  yields  a  characteristic 
copious  white  precipitate  with  ammoniacal  silver  nitrate. 


di8  0.8816;  ng°  1.4206;  MRjj  40.79. 

CSH14O2P  .  Computed;  MRjj  40,42. 

N  .  0.2168  g  substance:  I8.I6  g  benzene;  At  0.46°. 

'  0.1264  g  substance;  I8.16  g  benzene;  At  0.24°. 

;  Found;  M  152.87,  148.48. 

C8H14O2.  Computed;  M  142. 

j  0,1106  g  substance:  ,0.2746  g  CO2;  O.IO86  g  H2O. 

i  0.1114  g  substance:  0.2742  g  CO2;  0.1100  g  H2O, 

f  Found  C  67. 71,  67-12;  H  10. 91,  10. 97, 

I  CaHi402.  Computed  jS>:  C  67. 6O;  H  9.85. 

I  3)  Synthesis  of  the  Isopropoxy  Methyl  Ether  of  Dimethylacetylenylcarbinol : 


55  g  of  a-chloro  methyl  isopropyl  ether  was  added,  with  constant  stirring 
and  chilling  to  -8°,  to  40  g  of  dimethylacetylenylcarbinol  and  20  g  of  dimethyl- 
;  aniline  in  the  course  of  one  hour.  Then  the  reaction  mixture  was  stirred  for 
another  5^y^  hours  at  room  temperature.  ^00  ml  of  water  was  then  added  to  the 
2  contents  of  the  flask.  The  aqueous  solution  was  extracted  with  ether  and  desic- 
t  cated^  above  Na2S04.  -  * 

The  yield  of  the  isopropoxy  methyl  ether  of  dimethylacetylenylcarbinol  was 
19  g,  or  25.57^,  based  on  the  alcohol  used.  B.p.  151-155“-  The  resulting  acetal 
has  a  pleasant  odor,  turns  yellow  upon  storage,  and  yields  a  characteristic  white 


CHa^^^O— CH2“0~C3H7  (iso) 
CHa  CsCH 
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precipitate  with  oxnmonlacal  Oliver  nitrate. 

d|8  0.8682;  ngo  1.4111;  MRd  44.58. 
C9H10O2P  .  Computed:  MRj)  45.04. 


C9H10O2P  .  Computed 

0.1465  g  Bubetance 
0.2012  g  Bubstance 
Found 

C9H10O2.  Computed 
0.2101  g  Bub stance 
0.1022  g  substance 
Found 

C9H10O2.  Computed 


19.25  g  benzene:  At  0.25®. 
19.25  g  benzene;  At  0.55** 

M  156.02,  153.05. 

M  156. 

0.5504  g  CD25  0.2017  g  H2O. 
0.2592  g  CO2;  0.0926  g  H2O. 

C  68.85,  69.17;  H  10.66,  10.07. 
C  69.25; ■  H  10.25.  ' 


Eight  experiments  were  run  with  dlmethylanlllne,  with  and  without  solvents 
and  under  varying  conditions,  but  we  never  could  get  an  acetal  yield  of  more  than 
27.875^.  In  all  these  experiments  an  excess  of  the  a-chlono  ether  over  the  quan¬ 
tity  computed  theoretically  was  employed. 

.  _4)  Synthesis  of  the  Butoxy  Methyl  Ether  of  Dlmethylacetylenylcarbinol 


'  .  ^0“CH2~0~C4H9 

•  CEs  teCH  .  ;  . 

40  g  of  a-chloro  methyl  butyl  ether  was  added  drop  by  drop,  with  constant 
stirring  and  chilling  to' -8®,  to  a  mixture  of  200  ml  of  absolute  ether,  I8  g  of 
powdered  caustic  soda,  and  4o  g  of  dlmethylacetylenylcarbinol  in  the  course  of  5 
hours.  A  copious  white  precipitate  (NaCl)  was  deposited  on  the  walla.  The.reac- 
tlon  mixture  was  left  to  stand  overnight,  and  the  next  morning  the  precipitate 
was  filtered  out,  and  the  filtrate  desiccated  over  Na2S04.  The  yield  of  the  but- 
o^  methyl  ether  of  dlmethylacetylenylcarbinol  was  I3  g,  or  l6.06^,  based  on  the 
alcohol  used;  its  b.p.  was  1,48-152®.  . 

+0  ^  Bathes Ized  acetylenic  acetal  has  a  pleasant  odor  and  forms  a  charac¬ 

teristic  copious  white  precipitate  with  ammoniacal  silver  nitrate. 

dig  0,8602;  ng°  1.4150;  MRd  49.48. 

CioHie02F  .  Computed:  MRjj  49.66. 

0,1256  g  substance:  l6.24  g  benzene:  At  0.24®, 

0.2520  g  substance;  l6.24  g  benzene;  At  0.44“.* 

Found:  M  162,56,  I66.25.  •  * 

CioHia02.  Computed;  M  I70. 

■  8  '“bstance:  0.2884  g  cOa;  0.1086  g  HaO.  '  •  ' 

.  0.1128  g  substance;  O.2908  g  CO2;  0.1100  g  HpO 

C  H  n  n  i-  70.50;  H  10.85,  16.83. 

CioHiaOs.  Computed  C  70. 585  H  10. 58^  ^ 


At  0.24' 
At  0.44‘ 


ithesis  of  the  Pento 


toxy  Methyl  Ether  of  Dlmethylacetylenylcarblnnl 

'/O-CHs-O-CsHii 


ana  chlu4:^rf^”t«:Tl5rS"of1b:ol"r  -nstam  Stlrnng 

soda  and  20  g  of  dlmethylacetylL^ic^bSo?  ^  ® 

precipitate  was  at  once  thrown  dow^  on  the  walla^^?  course. of  one  hour.  A  white 
t^e  was  then  stirred  for  another  four  hours  at  ^  ^  flask.  The  reaction  mix- 
tents  of  the  flask  were  diluted  va?er  thecon-' 

iai.  or  water,  the  ether  layer  was  separate 
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^ rom  the  uqucouo  Bolutlon,  and  the  latter  was  extracted  with  ether.  The  combined 
ether  extracts  were  desiccated  above  calcined  Nai^SO^.  The  yield  was  6.5  g  (or 
19.^^))  b.p.  159-161* . 

The  synthesized  acetal  has  the  odor  of  ether  and  forms  a  copious  white  pre¬ 
cipitate  with  ammonlacal  silver  nitrate.  It  turns  yellow  rapidly  upon  storage. 

di8  0.8502;  n§°  1.4109;  MRd  53.72 

CiiHaoOa^  «  Computed:  MRj)  5^*28. 

0.1488  g  substance:  19.72  g  benzene:  At  0.21*. 

0.2l40  g  substance:  18.9O  g  benzene:  At  O.52*. 

Found:  M  184.90,  173.64. 

C11H20O2.  Computed:  M  l84. 

0.2258  g  substance:  O.5872  g  CO2;  0.2282  g  H2O. 

0.1952  g  substance:  0.5114  g  CO2;  0.1976  g  H2O. 

-  Found  C  71.55,  71.45;  H  11.32,  11.24. 

CiiH2o02.  Computed  C  71.73;  H  IO.87. 

A  total  of  six  experiments  was  run  with  powdered  caustic  soda,  using  an 

excess  of  the  a-chloro  ether,  but  we  were  unable  to  raise  the  yield  above  19.4^. 
Apparently,  under  these  conditions  the  yield  drops  as  the  molecular  weight  of  the 
alpha  chloro  ethers  Increases. 

6)  Synthesis  of  the  Methoxy  Methyl  Ether  of  Methylethylacetylenylcarblnol 
CH3~CH2^  ^C>-CH2“0“CHa 

CHa  C^CH 

The  methylethylacetylenylcarblnol  was  synthesized  by  the  method  originated 
by  Academician  A.E.Favorsky  [n].  50  g  of  a-chlorodlmethyl  ether  was  added,  at 

room  temperature  and  with  constant  stirring,  to  a  mixture  of  200  ml  of  absolute 
ether,  55  g  of  methylethylacetylenylcarblnol,  and  45  g  of  quinoline  In  the  course 
of  an  hour  and  a  half.  A  half  an  hour  later  yellow  crystals,  which  turned  white 
upon  standing,  appeared  on  the  walls  of  the  flask.  •  After  stirring  for  four  more 
hours,  the  reaction  mixture  was  set  aside  to  steuid  overnight.  The  next  day  the 
contents  of  the  flask  were  diluted  with  3OO  ml  of  water,  the  ether  layer  was  sep¬ 
arated,  and  the  aqueous  solution  was  again  extracted  with  ether.  The  combined 
extracts  were  desiccated  above  Na2S04.  The  yield  of  the  acetylenic  acetal  was 
27.7  g  (or  29.80^).  B.p.  132-135“. 

The  synthesized  acetylenic  acetal  has  a  pleasant  odor,  forms  a  character¬ 
istic  ^Ite  precipitate  with  ammonlacal  silver  nitrate,  and  turns  yellow  upon 
standing. 

dfS  0.8887;  n§°  1.4208;  MRp  40.46; 

C8Hi402^.  Computed  MRj)  40.42. 

0.2334  g  substance;  l8,42  g  benzene:  At  0.48*. 

Found;  M  135-15.  '  : 

C8H14O2.  Computed;  M  l42. 

0,2264  g  substance:  0.5582  g  CO2;  O.1986  g  H2O. 

Found  C  67.24;  H  9-74. 

CeHi402.  Computed  C  67. 6O;  H  9.85. 

7)  Synthesis  of  the  Ethoxy  Methyl  Ether  of  Methylethylacetylenylcarblnol 

CH3-CH2.  ^0-CH2-0-C2H5 

CH3 
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57  F  of  a-chloro  methyl  ethyl  ether  wao  added,  with  conotant  otlrrlng  at 
room  temperature,  to  a  mixture  of  25O  mi  of  aboolute  alcohol,  50  g  of  quinoline, 
and  6h  g  of  methylethylacetylenylcorblnol  in  the  course  of  2  hours.  Stirring 
wao  stopped  after  six  hours  had  passed,  and  the  ether  solution  in  the  flask  was 
decanted  and  desiccated  above  Na2S04. 

The  yield  of  the  ethoxy  methyl  ether  of  methylethylacetylenylcarblnol  was 
54.8  g  (or  29.28^)*,  b.p.  147-150®.  The  acetal  has  a  pleasant  odor,  forms  a  cop¬ 
ious  white  precipitate  with  ammoniacal  silver  nitrate,  and  turns  yellow  upon 
standing. 

dig  0.8809)  ngo  1.4266)  MRd  45.45. 

C9Hio02F‘  Computed;  MRj)  45.04. 

0.2256  g  substance;  20.14  g  benzene;  At  O.56®. 

Found;  M  157.89. 

CgHieOg.  Computed;  M  I56.  ,  . 

0.5106  g  substance;  O.7892  g  CO2J  0.5054  g  H2O. 

Found  i>:  C  69.28)  H  10. 85. 

C9H16O2.  Computed  C  69.25)  H  10. 25.  ^ 

8)  The  electrolytic  hydrogenation  of  acetylenic  acetals 

The  Initial  products,  i.e.,  the  acetylenic  acetals,  were  prepared  as  des¬ 
cribed  above,  by  reacting  a-chloro  ethers  with  acetylenic  alcohols. 

These  acetals  were  hydrogenated  electrolytic ally  by  the  method  developed 
by  A.E.Favorsky  and  A.I.Lebedeva  Jio] .  Hydrogenation  was  too  slow  with  a  copper 
cathode,  but  was  faster  with  a  silver-plated  cathode. 

All  the  synthesized  acetylenic  acetals  were  electrolytically  hydrogenated 
with  a  silverplated  copper  cathode.  Nickel  wire  was  employed  as  the  anode.  The 
anolyte  was  separated  from  the  catholyte  by  a  porous  cylinder.  The  cathode  region 
was  filled  with  a  1^  aqueous-alcoholic  solution  of  caustic  soda  and  the  acetylen¬ 
ic  acetal.  The  anode  region  was  filled  with  a  saturated  solution  of  caustic 
soda. 

^e  hydrogenation  process  was  checked  occasional]^  by  taking  samples  from  the 
electrolyzer  and  testing  for  the  triple  bond.  Until  hydrogenated,  aqueous- 

acetal  yielded  a  copious  white  precipitate  with  ammon- 
lacal  silver  nitrate.  After  the  theoretical  quantity  of  hydrogen  had  been  ab- 

wit^^oni  of  the  acetal  still  caused  a  white  turbidity 

with  amm^lacal  silver  nitrate,  but  this  turbidity  disappeared  after  hydrogen-^ 
ation.  The  water -alcohol  solution  of  the  acetal,  as  well  as  the  pure  acetfl  de 
colorizes  a  weak  KMn04  solution  and  bromine  water  after  hydrogeL?^^n 

y  inaicates  that  the  triple  bond  has  been  turned  into  a  double  bond, 
subjoin®' constants  of  the  resulting  vinyl  acetals  are  listed  In  the, 

2LSynthesls_gf  the  Methoxy^Meteyj^her  of  Dlmethvlvlr.yl 
CH3  ^0-CH2-0-CH3  ' 

^CH=CH2 

30  g  of  a-chloro  dimethyl  ether  was  ^ 

ring  and  chilling  to  -6%  to  52  g  of  dlmethvl  vin  ?  constant  stlr- 

snlllne  In  the  course  of  2  hourf  after  8  of  dimethyl- 

perature  for  another  5  ?5  hou^^'^Twriayers'fomerin^hr  room^^m- 

u  xayers  formed  in  the  reaction  flask  after 
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thin  ilmo  had  elapocd,  nio  upper  layer  wao  Boparaiod  from  the  lower  onC;  vaohed 
with  hlalily  diluted  hydrochloric  acid  and  then  uaahed  twice  with  water,  and  dcalc- 
cated  above  Na2304. 

Moot  of  the  oyntheolzed  vinyl  acetal  boiled  at  108-111*  after  double  dis¬ 
tillation.  It  la  a  transparent  liquid  with  a  pleasant  odor,  which  does  not  change 

upon  standing.  ^ 

C7H14O2.  Computed:  MRjj  57  •  5^* 

lO)  Synthesla  of  the  Ethoxy  Methyl  Ether  of  Methylethylvlnylcarblnol 

CH3  ^OKJH2“0-C2H5 

•  C2Hs"^  ^CH=CH2 

46  g  of  a-chloro  methyl  ethyl  ether  was  added  drop  by  drop  during  2.5  hours 
with  constant  stirring  and  chilling  to  -8",  to  a  mixture  of  25O  ml  of  absolute 
ether,  21  g  of  powdered  caustic  soda,  and  42  g  of  methylethylvlnylcarblnol  In  a 
round-bottomed  flask  fitted  with  a  reflux  condenser  and  a  dropping  funnel.  This 
causes  a  copious  white  precipitate  (NaCl)  to  form  In  the  reaction  flask.  Four 
hours  later,  the  precipitate  was  filtered  out  of  the  flask  contents,  and  the  fil¬ 
trate  was  desiccated  above  Na2S04.  ‘ 

Most  of  the  synthesized  vinyl  acetal  boiled  at  157-1^0*  • 

dig  0.84965  n|°  1.4184;  MRp  47.00. 

C8Hie02.  Computed:  MRj)  46.58. 

Thus  It  was  found  that  the  electrolytic  hydrogenation  of  acetylenic  acetals 
yields  stable  vinyl  acetals,  which  have  a  pleasant  odor  and  have  physical  and 
chemical  properties  that  differ  sharply  from  those  of  acetylenic  acetals. 

When  we  compare  our  data  on  the  electrolytic  hydrogenation  of  the  vinyl 
acetals  and  of  the  vinyl  alcohols ,  there  doubtless  Is  some  common  pattern  exist¬ 
ing  between  them,  but  discrepancies  are  also  present.  This  will  be  dealt  with 
In  my  following  paper. 


SUMMARY 

1.  A  method  has  been  developed  for  synthesizing  acetylenic  acetals,  and 
seven  new  compounds,  not  described  In  the  literature,  have  been  synthesized. 

2,  In  synthesizing  the  acetylenic  acetals.  It  has  been  found  that  under 
the  given  conditions  the  acetal  yield  decreases  as  the  molecular  weight  of  the 
a-chloro  ethers  used  rises. 

5*  The  method  developed  by  A.E.Favorsky  and  A, I. Lebedeva  proved  to  be 
fully  satisfactory  for  the  electrolytic  hydrogenation  of  acetylenic  acetals. 

acetals,  not  described  In  the  literature,  have  been  synthe- 
sized  In  this  mfinner.  ,  ‘ 

found  that  the  less  stable  acetylenic  acetals  become  more 
stable  when  electrolytlcally  hydrogenated  to  ethylenlc  acetals. 
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ALLYL  REARRANOP]MENTS 

XIII..  SYNTHESIS  OE  MERCAPTANS  OP  THE  ALLYL  TYPE 
AND  THEIR  TRANSFORMATION  INTO  THIO  ETHERS 

A. .  N. .  Pudovlk  and  N.  N. :  Kudryavtseva  ' 

Laboratory  of  Organic  Chemistry.  V.  1.  DlyanoT-Lenln  Kazakh  State  DnlTorslty 


There  axe  few  references  in  the  literature  to  the  synthesis  of  allyl  mer- 
captans,  Allyl  mercaptan,  first  synthesized  by  Hoftnann  [i]  and  then  by  Braun  [2] 
has  been  described  as  has  been  methallyl  mercaptan  by  Tamele,  Ott,  Mulple,  and 
Hearne  [3].  . 

In  one  of  our  preceding  papers  [4]  we  made  a  study  of  the  action  of  sodium 
hydrosulfide  upon  isomeric  methoxychloropentenes,  a  dimethoxy  pentenyl  thlo  ether 
being  secured,  in  the  main,  in  both  cases  Instead  of  the  expected  mercaptans. 

It  was  supposed  that  the  thlo  ethers  are  formed  by  the  reaction  of  a  mercaptan 
with  a  chloride)  a  primary  chloride  reacts  normally,  while  a  secondary  chloride 
causes  a  complete  allyl  rearrangement. 

The  objective  of  the  present  paper  is  a  further  study  of  the  reactions  be¬ 
tween  isomeric  alkoxychloropentenes  and  hydrosulfides  of  the  metals,  with  special 
attention  to  an  effort  to  explain  the  possibility  of  synthesizing  mercaptans  from 
them  and  to  a  study  of  the  mechanism  by  which  the  thio  ethers  are  formed.  This 
research  was  done  with  the  isomeric  methoxy-,  ethoxy-,  and  butoxychloropentenes 
and  the  1,2-  and  l,V-dichlorcbutenes .  A  study  of  the  effect  of  the  reaction  con¬ 
ditions  upon  the  formation  of  a\mercaptan  and  of  thlo  ethers  was  made  with  prim¬ 
ary  ethoxychloropentene  as  an  example. 

When  this  primary  ethoxychloropentene  was  reacted  with  sodium  hydroxysulflde 
prepared  by  the  Tiede  and  Ranicke  method  —  heating  in  absolute  alcohol,  we  got 
two  fractions,  corresponding  to  ethoxypentenylthiol  and  dlethoxypenteriylthio  ?ther, 
with  total  yields  of  )2^  and  20^  respectively.  Redlstlllatlon  of  these  fractions 
yielded  primary  ethoxypentenylthiol,  with  a  b.p.  of  70-71**  (6  mm))  n§°  1.4725) 
O.955O)  and  diethoxypentenylthiol  ether,  with  a  b.p,  of  172-175**-  (12  mm)) 
np°  I.483O)  df°  0.9464.  The  structure  of  the  ethoxypentenylthiol  was  borne  out 
by -oxidizing  it  with  potassium  permanganate;  a  yield  of  17*5^  of  p-ethoxypr op ionic 
acid  was  obtained. 

Hence,  the  format iop  of  ethoxypentenylthiol  proceeds  in  accordance  with 
the  normal  equations 

C2H50CH2CH2CH=CHCHaCl  +  SH’  C2H50CH2CH2CH=CHCH2SH  +  Cl". 

In  fractionating  the  mercaptan  fraction,  we  noticed  that  part  of  the  mercaptan  was 
converted  into  a  thio  ether.  That  is  why  subsequent  experiments  on  the  synthesis 
of  the  mercaptans  were  made  in  the  cold,  with  the  alcohol  being  driven  off  from 
the  reaction  mixture  and  the  subsequent  fractionation^  of  the  reaction  products 


bcJn«  crroclnd  In  vacuum  at  au  low  a  temperature  ao  ponnlblc.  Under  theoe  condl- 
tloiiH  the  yield  of  cthoxypentonylthlol  roae  to  ^nd  that  of  the  thlo  ether 

to 

It  was  later  found  that  80-90^  alcohol  and  cauotlc  potaoh  could  be  oucceoo- 
fully  employed  to  prepare  the  hydi'ooulf Ide  Instead  of  sodium  alcoholate  in  absolute 
alcohol.  Vlicn  the  reaction  conditions  specified  above  are  observed,  the  mercaptan 
yield  was  raised  to  92'/.;  the  thlo  ether  yield  was  15^.  We  were  unable  to  recover 
noticeable  quantities  of  the  mercaptan  and  the  thlo  ether  when  the  reaction  was 
effected  with  aqueous  solutions  of  sodium  and  potassium  hydrosulfide  with  vigor¬ 
ous  stirring  of  the  reaction  mixture,  whether  in  the  cold  or  when  heated.  Most 
of  the  chloride  was  recovered  from  the  reaction  unchanged.  The  reaction  of  the 
secondary  ethoxychloropentene  with  sodium  hydrosulfide  in  alcohol  does  not  take 
place  without  the  application  of  heat,  owing  to  its  low  reactivity.  When  heat 
Is  applied,  it  is  chiefly  the  thio  ether  that  is  formed,  plus  an  extremely  minute 
quantity  of  a  mercaptan  vdiose  constants  Indicate  that  it  is  identical  with  that 
secured  from  the  primary  ethoxychloropentene.  This  Indicates  that  in  this  latter 
case  the  reaction  entails  a  complete  allyl  reeirrangement  as  follows: 


Cl 


C2HgOCH2CH2^^~CH=CH2 


+  SH  C2H50CH2CH2CH=CH-:CH2SH+C1 


IC2H50CH2CH2CH=CH-iH2 

T+ 

C2H50CH2CH2CH-CH=CH2 

As  has  already  been  set  forth  above,  part  of  the  ethoxypentenylthlol  is  converted 
into  die thoxypentenyl thio  ether  when  it  is  distilled  in  vacuum.  In  order  to  in¬ 
vestigate  this  interesting  and  hitherto  unknown  reaction,  we  heated  the  mercaptan 
for  many  hours  at  100*  and  I50* .  The  refractive  index  of  the  reaction  mixture 
was  measured  at  definite  intervals  of  time.  It  was  found  that  the  refractive  in¬ 
dex  increased  sharply  during  the  first  few  hours,  the  rise  gradually  slowing  down 
during  further  heating.  Fractionation  of  the  mixture  after  heating  indicated 
that  the  ratio  of  the  mercaptan  to  the  thlo  ether,  computed  from  the  fraction¬ 
ation  data,  was  higher  than  the  ratio  computed  from  the  refractive  indexes.  This 
is  due  to  the  fact  that  when  the  mercaptan  is  heated,  other  reactions  involving 
the  oxidation  and  the  polymerization  of  the  mercaptan  [2]  take  place  in  addition 
to  Its  conversion  into  the  thio  ether.  The  fractionation  residue  has  a  much 

It®  percentage  ts  some- 

if r  if  value  for  di-(ethoxjT)entenyl)-dlsulfiae.  Eight 

f  heating  the  ethoxypentenylthlol  to  IJO”  yielded  a  mixture  of  products 

«h2,^d  “«tcaptan,  35>  of  the  thlo  ' 

ts  heated  Is, 

aCzHsOCHzCHsCH^CHCHsSH  -»  C2Hs0CH2CH2CH=CHCH£-S-CH2CH=CHCH2CHa0CaH5  .  HaS. 
characteristic  ^eclpitatrof'*lead''sulfidf  heated  was  detected  by  the 

der  thrsi:e“Jlra1  ^t  vas  heated  un- 

and  by  its  fractionation  after  heating  was  COTple^ed”"^"®  refractive  index 

the  ^,y^oMt^M^ltt*’^Lpect°t^?hfcLbf*  f  ®  Presence  of  a  double  bond  at 
Increases  the  latter's  reLtlvlty!  ho  the  SH  group  greatly 

cold  cohol^^eSa^Tlf  -^tum  hydrosulfide  la  the 

hlol,  with  a  b.p.  Of  107-110'  (11  ^),  ngo 
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-llbutoxypcnt'Mv  i  i^hio  cU.'m  ,  ..4U1  a  b.p.  of  IB^-IOY'*  (5  inra) ;  0.9204. 

Whoii  biitoxypontenyl thiol  was  refractionated  In  vacuum,  it,  too,  waa  part¬ 
ially  converted  Into  dlbutoxypentcr\yl thlo  ether,  which  was  loolated  and  Identi¬ 
fied  by  Ito  conctanto.  Secondary  butoxychloropentene  reacts  with  eodlum  hydro- 
Gulflde  only  when  heated,  yielding  chiefly  the  thlo  ether  and  a  small  quantity 
of  a  mercaptan,  the  oenstanto  of  which  Indicate  that  It  Is  Identical  with  that 
secured  from  the  primary  chloride.  In  the  case  of  the  butcxychloropentenes, 
therefore,  the  reactions  are  likewise  normal  for  the  primary  chloride  and  wholly 
abnormal  for  the  secondary  chloride. 


The  picture  was  similar  for  the  Isomeric  methoxychloropentenes.  In  the 
case  of  the  primary  methoxychloropentene,  wc  got  practically  nothing  but  the 
.primary  methoxypentenylthlol,  with  a  b.p.  of  65-67*  (7  mm);  ng°1.4775j ’d|°  O.9785 
(yield  of  55^) >  vlth  merely  a  minute  quantity  of  a  higher  fraction  whose  boiling 


point  was  much  below  that  of  the  thlo  ether.  When  the  methoxypentenylthlol  Is 
heated.  It,  too.  Is  partially  converted  Into  a  thlo  ether.  In  the  case  of  the 
secondary  methoxychloropentene,  the  reaction  was  carried  out  with  heating;  this 
yielded  a  small  quantity  of  the  primary  ethoxypentenylthiol  and  a  much  larger 
quantity  of  the  thlo  ether. 


‘  To  determine  the  general  nature  of  the  transformation  of  allyl  mercaptans 
Into  the  corresponding  thlo  ethers  at  higher  temperatures,  we  synthesized  and' 
heated  allyl thiol;  we  also  found  that  part  of  it  was  converted  into  a  thlo  ether. 

The  reactions  of  isomeric  dichlorobutenes  with  potassium  hydrosulfide  are 
complicated,  yielding  a  mixture  of  products  that  boils  throughout  a  wide  temper¬ 
ature  range;  we  were  unable  to  recover  any  substances  with  fixed  boiling  points 
from  this  mixture. 


EXPERIMENTAL 


Action  of  sodium  and  potassium  hydrosulfide  on  l-ethoxy-5-chloropentene-5 . 

5  g  of  sodium  was  dissolved  in  100  ml  of  absolute  ethyl  alcohol.  The  solution 
was  saturated  with  anhydrous  hydrogen  sulfide  for  5  hours.  Then  25  g  of  1-ethoxy- 
5-chloropentene-5  was  added,  and  the  reaction  mixture  was  heated  over  a  water 
bath  for  5  hours.  The  precipitate  that  settled  was  filtered  out,  the  alcohol 
was  driven  off,  and  the  residue  was  diluted  with  water  and  extracted  with  ether. 
The  ether  extract  was  desiccated  above  calcium  chloride,  the  ether  was  driven 
off,  and  the  residue  was  fractionated  in  vacuum.  Fractionation  yielded  8  g  of 
a  fraction  with  a  boiling  point  of  82-87*  (l4  mm)  euid  4.8  g  of  a  fraction  with 
a  boiling  point  of  170-185°  (l4  mm) .  Refractionation  of  these  fractions  yielded; 
l-ethoxypentene-5-thiol-5,  with  a  b.p.  of  70-71°  (6  mm);  ng°  1.4725;  d|°  O.955O: 

0.1172  g  substance:  O.1855  6  BaS04  (Carius). 

Foimd  S  21. 60. 

C7H14OS.  Computed  S  21.92. 

and  diethoxypentenylthio  ether,  with  a  b.p.  of  172-175°  (12  mm);  n£°1.4850; 
d|°  0.9460. 

0.1576  g  substance;  0.1284  g  BaS04  (Carius). 

Found  S  12.78. 

C14E25O2S.  Computed  S  12.45. 

During  fractinnation  of  the  mercaptan  fraction  it  was  noticed  that  part  of  the 

mercaptan  changes  into  a' thlo  ether,  which  distils  at  175“178  (12  mm). 

Fractionation  of  the  residue  yielded  1.2  g  of  a  fraction  that  boiled  with 

’xhft’  ^pT7u“nf“thp  BTertiartaji  and  the  thlo  ether  given  In  the  theoretlval  section  of  this  paper  were  co«niwtfd 
frVthere?ult3  of  the  initial  fractlcviatlon  in  this  and  oUier  experiments. 


8^7 


:i:n 


dcctimpooltlon  within  the  190-207**  rtint^c  (6  nun). 

0.1202  g  oubDiance;  0.1996  B  BaS04  (Corlus) 

Found  8  22, 'fO, 

Cj4H2fi02S2.  Computed  S  22.07. 

In  another  experiment  using  the  some  quantities  of  reagents,  the  reaction 
mixture  was  allowed  to  stand  without  heating  for  twenty-four  hours,  after  which 
the  alcohol  was  driven  off  In  vacuum  at  50®*  Fractionation  of  the  residue  yielded 

10.1  g  of  the  mercaptan  and  3*9  6  ol*  ^Be  thio  ether. 

When  the  reaction  was  performed  analogously  with  potassium  hydrosulfide, 
prepaured  by  passing  hydrogen  sulfide  through  a  water-alcohol  solution  of  caustic 
potash  (9.8  g  of  KOH,  100  ml  of  80^  alcohol,  and  20  g  of  the  chloride),  It  yielded 

10.2  g  of  the  mercaptan  and  3  g  of  dlethoxypentenylthlo  ether. 

Action  of  sodium  hydrosulfide  upon  l-ethoxy-3-chloropentene-4.  5  6  of  sod¬ 
ium  was  dissolved  in  100  ml  of  absolute  alcohol,  and  the  resulting  alcoholate 
solution  was  saturated  for  5  hours  with  hydrogen  sulfide.  Then  25  g  of  1-ethoxy- 
-3-chloropentene-U  was  added,  and  the  mixture  was  set  aside  to  stand  overnight 
at  room  temperatiire ,  No  precipitate  was  thrown  down.  The  reaction  mixture  was 
heated  for  3  hours  over  a  water  bath.  A  copious  precipitate  of  sodium  chloride 
settled  out.  The  alcohol  was  driven  off,  and  the  residue  was  treated  with  water 
and  extracted  with  ether.  After  the  ether  had  been  driven  off,  the  residue  was 
fractionated  in  vacuum.  This  yielded  3.2  g  of  l-ethoxypentene-3-thiol-5,  with  a 
b.p.  of  70-71“  (6  mm):  nQ°1.4750j  emd  7*6  g  of  dlethoxypentenylthlo  ether  with 
a  b.p.  of  176“  (12  mm)  j  ngoi.4825.  No  noticeable  quantity  of  lower -boiling; 
fractions  was  recovered.  Re  fractionation  of  the  mercaptan  yielded  a  small  quan¬ 
tity  of  a  thio  ether  with  a  b.p.  of  174-177“  (12  mm). 

Experiments  on  heating  l-ethoxypentene-3-thiol-5.  10  g  of  1-ethoxypentene- 
-3-thiol-5  was  heated  to  85“  in  a  small  flask  over  a  water  bath.  The  refractive 
index  of  the  reaction  mixture  was  measured  at  regular  intervals  of  time.  The 
refractive  index  changed  from  1.4718  to  1.4792  as  the  result  of  13  hours  of  heat¬ 
ing. 

Fractionation  of  the  reaction  mixture  yielded  4.75  g  of  the  original  mercap¬ 
tan  and  1.85  g  of  dlethoxypentenylthlo  ether,  with  a  b.p.  of  l60-l65“  (7  mm); 
n^®  1.4810.  The  residue  was  approximately  1  g;  n£°  I.505O.  In  a  second  experi¬ 
ment,  10  g  of  l-ethoxypentene-3 -thiol-5  was  heated  for  8  ho’irs  to  I50®  over  am 
oil  bath.  After  heating  was  complete,  fractionation  of  the  reaction  mixture 
yielded  4.7  g  of  the  original  mercaptan  and  3.5  g  of  dlethoxypentenylthlo  ether, 
with  a  b.p.  of  170-174“  (8  mm);  np°1.48l5.  The  fractionation  residue  amounted 
to  approximately  I.5  g;  I.5055;  sulfur  content  26.8^. 

To  absorb  the  hydrogen  sulfide  evolved  in  the  reaction,  a  small  outlet  tube 
leading  from  the  reaction  flask  in  which  the  mercaptan  was  heated  was  Immersed 
in  a  solution  of  lead  acetate.  A  black  precipitate  of  lead  sulfide.  Insoluble 
in  cold  dilute  nitric  acid  but.  soluble  in  the  hot  acid,  was  observed  to  form. 

Oxidation  of  l-ethoxypentene-3-thiol-5  by  potassium  permanganate .  60 . 6  g 

of  pulveriz.ed  potassium  permanganate  was  gradually  added,  with  constant  stirring, 
to  a  mixture  of  10  g  of  the  mercaptan  in  1000  g  of  water.  The  reaction  mixture 
was  cooled  by  circulating  water  while  the  permanganate  was  added.  After  stand¬ 
ing  for  a  day,  the  solution  was  decolorized  above  manganese  dioxide.  The  mangan¬ 
ese  dioxide  was  filtered  out  and  washed  repeatedly  with  hot  water.  The  filtrate 
was  concentrated  and  treated  with  hydrochloric  acid.  The  resulting  solution, 
with  the  layer  of  oil  floating  on  its  surface,  was  extracted  repeatedly  with 
ether,  the  ether  extract  was  desiccated  above  calcium  chloride,  the  ether  was 
driven  off,  and  the  residue  was  fractionated  in  vacuum.  Tills  yielded  1.4  g  of 
P-ethoxypr  op  ionic  acid,  with  a  b.p.  of  109“  (13  mm)  and  n|°1.4215.  • 
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Oxidat  ion  oT  flio^.}ioxy|)Pnif ny3  tb  lo  nitior  by  polnnalum  porrranganritc .  Oxid¬ 
ation  of  10  g  of  tho  thio  ether  required  39*2  g  of  potaBolum  permanganate.  Tlio 
oxidation- proceoo  and  the  treatment  of  the  reaction  mixture  were  Blmllar  to  thooe 
in  the  preceding  experiment. 

f ractlonat Ion  of  the  oxidation  products  yielded  2.6  g  of  ethoxypr op ionic 
acid,  with  a  b.p.  ot  110®  (13  mm);  ngo  I.I42O5;  d|°  1.0430.  Found:  MRj)  28.60. 
C5H10O3.  Computed:  MRj)  28.47.  The  constants  given  In  the  literature  for  ethoxy- 
proplonlc  acid  are;  b.p.  108°  (lO  mm)j  df°  1.046l. 

Heating  octylthlol .  The  octylthiol  was  synthesized  from  octyl  chloride  by 
reacting  It  with  potassium  hydrosulfide  In  a  heated  alcohol  solution.  No  dl- 
octyl  thio  ether  was  noticed;  8.7  6  of  the  octylthiol  was  heated  for  8  hours  to 
130®  over  an  oil  bath.  No  change  In  its  refractive  index  occurred  during  that 
time.  Fractionation  of  the  mixture  after  It  had  been  heated  yielded  some  8  g 
of  the  original  mercaptan. 

Action  of  potassium  hydrosulfide  on  l-butoxy-3-chloropentene-3.  A  solut¬ 
ion  of  9*5  g  of  caustic  potash  in  100  ml  of  84^  alcohol  was  saturated  with  hydro¬ 
gen  sulfide  for  4  hours..  Then  25  g  of  l-butoxy-5-chloropentene-3  was  added  to 
the  solution  from  a  dropping  funnel,  after  ^ich  the  reaction  mixture  was  set 
aside  to  stand  for  a  day.  The  treatment  of  the  reaction  mixture  resembled  that 
in  the  preceding  experiments.  Fractionation  of  the  reaction  products  yielded 
12  g  of  a  fraction  that  boiled  at  86-100®  (4  mm)  and  5  g  of  a  fraction  that 
boiled  at  I6O-I8O®  (4  mm).  Refractionation  of  the  first  fraction  yielded:  1- 
butoxypentene -3 -thiol-5  as  a  colorless  liquid  with  an  unpleasant  gairlic  odor  and 
a  b.p.  of  107-110®  (11  mm);  ngOl.4675;  d|°  O.9232. 

0.1818  g  substance;  0,2500  g  BaS04  (Cafius). 

Found  S  I8.89. 

CsHieOS.  Computed  S  l8.39» 

We  also  secured  a  minute  quantity  of  a  liquid  that  boiled  at  a  lower  temperature 
(approximately  0.5  g)  and  some  3  g  of  a  fraction  with  a  b.p.  of  I8O-I85®  (6  mm). 

Refract innation  of  the  second  fraction  yielded  dibutoxypentenylthlo  ether 
as  a  light-brown  liquid  with  an  unpleasant  odor  and  a  b.p.  of  185-187“  (6  mm); 
ng°  I.477O;  d|°  0.9204. 

0.2170  g  substance;  O.II86  g  BaS04  (Carlus). 

Found  S  9*79* 

C18H34O2S.  Computed  S  IO.I9. 

Action  of  potassium  hydrosulfide  upon  l-butoxy-3-chloropentene-4.  19  g  of 
caustic  potash  was  dissolved  in  200  ml  of  84^  ethyl  alcohol,  and  hydrogen  sulfide 
was  then  passed  through  the  solution  for  4  hours.  Then  50  g  of  l-butoxy-3-chloro- 
pentene-4  was  added  to  the  reaction  mixture,  which  was  set  aside  to  stand  for  a 
day  at  room  temperature.  No  precipitate  of  potassium  chloride  settled  out.  The 
reaction  mixture  was  heated  for  3  hours  over  a  water  bath.  A  copious  precipitate 
settled  out;  the  alcohol  was  driven  off  in  vacuum,  and  the  residue  was  treated 
with  water  and  extracted  with  ether.  After  the  ether  had  been  driven  off  (at  a 
slight  vacuum),  the  residue  was  fractionated  in  vacuum.  This  yielded  3.I  g  of 
l-butoxy-pentenyl-3-thiol-5>  with  a  b.po  of  92-94“  (4  mm);  n^°  1.4620,  and  17*2  g 
of  dibutoxypentenylthio- ether ,  with  a  b.p.  of  178-I82®  at  4  mm;  ng°  1.4750* 

Action  of  pota5sium_hydrosuj.fide  upon  l-methoxy-5-chloropcntene-3.  This 
experlmenr~was  carried  out  with  25  g  of  l-methoxy-5-chloropentene-3  by  the  pro¬ 
cedure  described  for  l-butoxy-5-chloropentene-5.  Treatment  and  fractionation  of 
the  reaction  products  yielded;  13.4  g  of  l-methoxypentene-5-thiol-5,  with  a  b.p, 

of  65-66”  (7  nm);  ng°  1.4775*  O.9765: 


0,1^52  g  ouboitiricc!:  0.2^62  g  BaU04  (Cfirluo) 

Found  B  2U.O. 

C0H12O3.  Computed  S  24.5. 

and  1.1  g  of  a  fraction  that  boiled  at  68-72®  (7  nun);  n^°  1.4850. 

Action  of  notaor.lum  hydrosulfide  upon  l-methoxy-5-chloropentene-4.  This 
experiment  was  c^led  out  with  20  g  of  l-methoxy-5-chloropentene-4  by  the  pro¬ 
cedure  described  for  l-butoxy-5-chloropentene-4.  Fractionation  of  the  reaction 
products  yielded  2  g  of  a  fraction  with  a  b.p.  of  69-7>®  (12  mm);  n5^ 
and  5.4  g  of  dimethoxypentenylthio  ether,  with  a  b.p.  of  I61®  (lO  mm);  1.4940. 

Action  of  potassium  hydrosulfide  upon  allyl  bromide.  The  reaction  was 
carried  out  with  25  g  of  allyl  bromide  by  the  procedure  described  for  1-butoxy- 
-5-chloropentene-5.  Fractionation  of  the  reaction  mixture  yielded  9*3  g  of  a 
fraction  that  boiled  at  68-85®,  and  5*2  g  of  a  fraction  that  boiled  in  the ^  152- 
145®  range.  . 

Refract  lonat  Ion  of  the  first  fraction  yielded  allyl  thiol,  with  a  b.p.  of 
65-68®;  n^®  1.4680;  df®  0.9304  and  a  small  quantity  of  the  thlo  ether. 

Fractionation  of  the  second  fraction  yielded  the  pure  thlo  ether,  with  a 
b.p.  of  158-140®;  n^®  1.4895^  which  agrees  with  the  constants  given  for  this 
compound  in  the  literature. 

Allyl thiol  oxidizes  and  polymerizes  very  rapidly  upon  standing.  The  re¬ 
fractive  index  of  the  mercaptan  changed  from  1.4680  to  I.49OO  after  standing  for 
2  days;  heavy  drops  of  a  polymer,  which  were  insoluble  in  the  allylthlol,  were 
seen  to  form. 

SUMMARY 

.1.  A  procedure  has  been  developed  for  the  synthesis  of  mercaptans  or  thlo 
ethers  by  reacting  allyl  halides  with  metal  hydrosulfides  in  alcoholic  or  water- 
alcohol  solutions. 

2.  It  has  been  proved  that  allyl  mercaptans  are  transformed  by  heat  into 
the  corresponding  thlo  ethers,  according  to  the  equation: 

2R-CH=CH-CH2SH  - >  R-CH=CH-CH2-S-CH2-^H=CH-R  +  H2S. 

130®)  mercaptans  are  not  changed  under  similar  conditions  (heating  to  100- 

methoxy-,  ethoxy-,  and  butoxychloropentenes  react  normally 
alkali  metals,  without  rearrangement,  but  secondLy 
gemenu"'  ®  tutoxychloropentenea  react  with  a  complete  allyl  rearran- 
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THE  TRANSPOFUIATION  OP  DERIVATIVES  OP  ETIIYLENIC  HYDROCARBONS 
INTO  DERIVATIVES  OP  THE  SIMPLEST  POLYMETHYLENIC  CYCLES 

IV.  THE  REACTION  OP  METHYLPIIENYLAIjLYLCARBINOL  AND  METHYIi’HENYL-  AND 
METHYLETHYLCYCLOPROPYLCARBINOLS  WITH  PORMIC  ACID 


T.  A. .  Pavorskaya  and  the  students  N.  V.  Shcherbinskaya  and  S. '  E.  Chernobelskaya 


It  has  been  shown  by  one  of  the ‘present  authors  [i]  that  the  reaction  of 
formic  acid  with  methylcyclopropylacetylenylcarbinol  results  in  the  formation  of 
an  ester,  with  an  ether  group  shifting  to  the  p-position  and  the  rupture  of  the 
three -membered  ring; 


CH3 


,CH2 


^COH-CH^, 
HCii  C  ^CH2 


HCOOH 


CHa 


HC=C 


,CH2 
CH  I 


CHa^  J) 

T=CHCH2CH20Cr 
HCHC  H 


■Thus  this  ester  is  a  primary  alkenyne  alcohol.  The  mechanism  of  its  form¬ 
ation  is  entirely  analogous  to  the  mechanism  of  formation  of  the  primary  chloro- 
hydrin,  which  is  produced  by  reacting  methylcyclopropylacetylenylcarbinol  with 
hydrochloric  acid; 


CHa^ 

COH-CH 

HC^C^ 


if' 

CH2 


HCl^ 


CHa^ 

^1— CH 


HC^C 


CRa^ 

^C=CHCH2CH2C1. 

HCEC^ 


Dimethylcyclopropylcarbinol  reacts  in  similar  fashion  with  hydrochloric 
acid  [2]. 


When  hydrochloric  acid  is  reacted  with  methylethylcyclopropylcai^binol,  a 
tertiary  chloride  results  -  the  chlorohydrin  of  methylethylallylcarbinol  [3]; 

™  CHa 

^COH-CH^I  - >  ^CC1CH2CH=CH2. 

02%^  CH2  C2H5 

Both  of  these  chlorides  -  the  primary  as  well  as  the  tertiary  -  yield  the 
original  cyclic  alcohols  when  acted  upon  by  an  aqueous  solution  of  potash.  The 
nature  of  the  halogen  in  the  halohydrin  '  has  no  effect  upon  the  ability  of  the 
halide  to  cyclize  when  heated  with  an  aqueous  potash  solution;  ,  we  have  shown  [4] 
that-  the  iodohydrin  of  methylethylallylcarbinol  likewise  yields  methylethylcyclo- 
propylcarbinol  when  heated  with  a  20^  potash  solution. 


We  were  interested  in  making  a  study  of  the  behavior  of  the  esters  of  organic 
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aclfiij  of  corrooptHidlng  ntrucluro,  to  loam  whether  they  would  aloo  ho  cyclizo.l 
when  heated  with  un  uqueouo  potuBh  oolution,  like  tho  foregoing  halldeo.  For 
thlo  purpoce  we  took  tho  loomoric  alcohols  mothylphenylcyclopropylcarblnol  and 
methylphcnylallylcarblnol  and  investigated  their  behavior  with  formic  acid.  We 
used  mothylethylcyclopropylcarblnol  as  the  cyclic  alcohol  with  nothing  but  ali¬ 
phatic  radicals  for  the  reaction  with  formic  acid. 

We  found  that  the  reaction  of  formic  acid  with  methylphenylcyclopropyl- 
.  carblnol  proceeds  along  two  lines:  on  the  one  hand,  the  alcohol  Is  dehydrated, 
forming  the  cyclic  hydrocarbon  a-phenyl-a-cyclopropylethylene,  which  was  first 
synthesized  by  N.M.Klzhner  (5]j  on  the  other  hand,  the  ester  is  formed.  The 
constants  of  the  hydrocarbon  we  had  synthesized  resembled  those  given  by  Klzhner 
for  the  hydrocarbon  he  had  synthesized  from  methylphenylcyclopropylceu'blnol  by 
reacting  it  with  acetic  anhydride.  The  structure  of  the  hydrocarbon  was  proved 
by  oxidizing  it  with  potassium  permanganate,  benzoyltrimethylene  being  secured 
as  the  neutral  product,  which  was  Identified  as  its  semicarbazone.  Formic  acid 
was  found  In  the  volatile  acid  products}  the  solution  remaining  after  the  formic 
add  was  driven  off,  yielded  a  crystalline  substance  with  a  m.p.  of  55®,  which 
was  found  to  be  an  intermediate  oxidation  product  -  a-phenyl-a-cyclopropylethyl¬ 
ene  glycol,  whose  structure  was  proved  by  oxidizing  it  with  lead  tetraacetate. 
The  resulting  benzoyltrimethylene  was  converted  into  its  semicarbazone. 

CsHg  ^CHa  CeHs  CEz  CeHs  CH2OH 


r 

CH2“~CH2 


CH2 


HCOOH 


CeHs 

CH2“*“CH2 


KMnO^ 


+  HCOOH 

CH2"7HIJH2 


Besides  the  hydrocarbon,  the  ketion  of  formic  acid  upon  methylphenvlcvclo- 
propylcarbinol  yielded  a  fraction  with  a  b.p.  of  IjS-lUO"  at  8  mm/whlc^p^ver 
to  be  an  ester.  The  structure  of  the  ester  was  demonstrated  by  oxldlzlL  U 

ursemic^^br  ozonizing  it.  AcetophenoL,  IdenWfled  as 

rnmmmsSM? 

with  methylphenylcyclopropylcarbinol  resemh?^H  reaction  of  formic  acid 

methylcyclopropylacetylenylcarbihol  1  e  +  reaction  of  formic  acid  with 


CeHs  CHa 

-  VOE 

CH2— CH2 


HCOOH 


dlmethncySoXylca^btaS^af readll''‘'“V°™®*  hydrochloride 

yielding  a  cyclic  alcohol:  saponified  by  a  10^  potash  s 


acid  and 
solution. 


CHa, 

CHa" 


"COH-CH 


CHa 


“HCl 


CHa 


CH2  K2CO3  CHa 


^C=CHCH2CH2C1, 
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t.c  Cbtcr  synthoGJzcd  by  uc  wao  not  caponlfliDd  by  the  action  of  a  20^  potash  solu¬ 
tion  for  20  hours  nor  by  the  action  of  a  20^*K0H  solution  for  64  hours.  Hydroly¬ 
zing  the  ester  by  the  Auwers  method  [o],  by  reacting  It  with  a  vater-alcohol  solu¬ 
tion  of  NaOH  likewise  yielded  a  negative  result.  In  view  of  this,  we  resolved  to 
decempose  the  ester  we  had  sjmtheolzed  by  reacting  It  with  ethylmagneslum  bromide, 
as  follows; 

f-u-  n  *  I  .  OMgBr  _  „ 


T=aiCH2CH20C^ 

CHa 


T=CHCH2CH20(>-C2Hs  ->  ^=CHCH2CH20M^ 


+CH0M^r  HpO 
C2H5 


’^=CHCH2CH20H  +  (C2H5)2CH0H 


This  reaction  yielded  two  alcohols.  The  diethylcarblnol  was  identified  as 
phenylurethane,  while  the  2-phenylpenten-2-ol-5  was  analyzed  and  Its  physical 
constants  were  determined.  In  view  of  the  fact  that  we  failed  to  recover  acrylic 
acid  when  we  oxidized  the  ester' and  thus  failed  to  prove  its  structure  beyond 
doubt,  ve  decided  to  hydrogenate  the  resulting  unsaturated  alcohol. 

Hydrogenation  yielded  Y-phenyl  amyl  alcohol,  which  was  then  oxidized  to 
y-phenyl valeric  acid.  The  synthesis  of  Y-phenyl valeric  acid,  which  is  known  in 
the  literature  [7],  proved  beyond  doubt  that  the  unsaturated  alcohol  contained  a 
primary  alcohol  group  and  indicated  the  position  of  the  ether  group  in  the  ester 
produced  by  the  action  of  formic  acid  upon  methylphenylcyclopropylcarbinol. 


';;C=CHCH2CH20H 


;chch2CH2CH20h 


CHCH2CH2COOH. 


Thus,  our  experiments  enable  us  to  assert  that  the  action  of  formic  acid 
upon  methylphenylcyclopropylcarbinol  results  in  formation  of  an  ester  of  an  un¬ 
saturated  primary  alcohol,  which  cannot  be  reconverted  into  the  original  cyclic 
alcohol  by.  the  action  of  alkaline  agents. 

•We  might  have  thought  that  the  action  of  formic  acid  upon  methylphenyl- 
allylcarbinol  would  result  in  recovery  of  an  ester  of  this  tertiary  alcohol. 

But  under  the  conditions  in  which  the  fonnlc  acid  was  reacted  with  methylphenyl- 
cyclopropylcarbinol  and  methylcyclopropylacetylenylcarbinol  we  were  unable  to 
secure  an  ester  of  methylphenylallylcarbinol.  The  action  of  48^  HCOOH  and  heat¬ 
ing  resulted  in  the  production  of  a  hydrocarbon  with  an  isolated  system  of  dou¬ 
ble  bonds  and  a  small  quantity  of  a  polymer,  proving  that  dehydration  partly  took 
place  at  the  allyl  radical  as  well,  giving  rise  to  a  hydrocarbon  with  conjugated 
double  bonds.  This  polymer  was  the  sole  reaction  product  when  methylphenylallyl¬ 
carbinol  was  boiled  with  80^  formic  acid.  The  polymer  was  analyzed,  but  not  in¬ 
vestigated  any  further.  The  hydrocarbon  was  oxidized  by  potassium  permanganate, 
the  principal  reaction  products  proving  to  be  benzoic  and  oxalic  acids-j  indica¬ 
ting  the  presence  of  isolated  double  bonds  in  the  hydrocarbon.  The  negligible 
quantity  of  acetophenone  found  upon  oxidation  indicates  that  part  of  the  hydro¬ 
carbon  with  conjugated  double  bonds  was  present  as  the  monomer,  as  ein  impurity 
in. the  hydrocarbon  with  Isolated  double  bonds. 

Thus,  the  reaction  of  methylphenylallylcarbinol  with  formic  acid  under 
the  foregoing  conditions  may  be  represented  as  follows: 
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Oh 

C01I5 


;coiinit.cH=ni2  “*-> 


Cll2  ■  CII3 

^CCH^CH^CHs  '  '^C=aiCH=CH2 

Colh  CoHs^  ' 

2-pheiiylpentadieno-l,4  4-phenylpentadiene-l,5 


We^vcre  able  to  Byntheslze  the  ester  of  formic  acid  and  methylphenylallyl- 
carblnol  only  by  using  90^  HCOOH  and  chilling  with  ice.  Under  these  conditions, 
ve  got  (in  addition  to  the  hydrocarbon  with  isolated  double  bonds)  2-phenylpenta- 
dlene-1,4,  a  fraction  with  a  b.p.  of  112-114*  (10  mm),  which  proved  to  be  the 
Bought-for  ester.  Boiling  this  ester  with  a  20^  potash  solution  for  2?  hours 
resulted  in  recovery  of  the  original  alcohol,  methylphenylallylcarblnol.  To 
prove  that  it  contained  no  trace  of  the  cyclic  alcohol,  methylphenylcyclopropyl- 
carblnol,  which  might  be  produced  by  the  saponification  of  the  unsaturated  ester, 
we  oxidized  the  alcohol  with  potassium  permanganate.  Except  for  traces  of  aceto¬ 
phenone,  no  other  neutral  products  were  found.  Here,  again,  therefore,  we  were 
unable  to  effect  a  conversion  of  the  allyl  alcohol  into  a  cyclic  one.  The  re¬ 
action  of  methylphenylallylcarblnol  with  98^  ^formic  acid  may  be  represented  as 
follows, 


^^^^ohch2Ch=ch2 

CsHs 


CH 


CeHs 


'^CH2CH=CH2  + 


CHa^  / 

\;ch2CH=ch2 

CeHs^ 


0-C^ 

CHa^  /  ^  K  ecu 

^cch2CH=ch2 


CeHs 


CH3, 

CeHs 


C0HCH2CH=CH2. 


Methylethylcyclopropylcarbinol  was  taken  as  a  tertiary  alcohol  with  a  cyclo¬ 
propyl  and  two  aliphatic  radicals  in  the  molecule.  When  this  alcohol  was  reacted 
with  80^  formic  acid  and  heated,  we  secured  a  product  that  had  a  boiling  point 
20*  below  that  of  the  original  alcohol,  slowly  decolorized  a  solution  of  KMn04, 
had  a  molecular  weight  equaling  that  of  methylethylcyclopropylcarbinol, .exhibited 
no  reaction  for  a  carbonyl  group,  and  gave  a  negative  result  in  a  Chugaev-Tsere- 
vitinov  determination  of  the  hyxiroxyl  groups. 

N.D. Zelinsky  [®]  made  a  study  of  the  action  of  oxalic  acid  upon  dimethyl- 
cyclopropylcarbinolj  he  called  the  resulting  product  hexylene  oxide  without  giv¬ 
ing  any  proof  of  this  compound' s  structure.  The  author  attributes  the  conversion 
of  dimethylcyclopropylcarbinol  into  a  gamma  oxide  to  the  successive  hydration 
and  dehydration  of  the  alcohol  by  the  oxalic  acid. 

The  properties  of  the  product  we  had  synthesized  made  us  give  it  the  form¬ 
ula  of  a  gamma  oxide;  it  seemed  to  us  to  be  more  likely  that  the  isomerization 
of  methylethylcyclopropylcarbinol  into  an  oxide  londer  the  action  of  formic  acid 
is  an  intramolecular  transformation: 


CHa  CH2 

'^coh-ch:  • 


CH3 


CsHs'' 


CH2 


C2H5" 


:C0HCH2CH=CH2 


CHa 

^CCH2CH2CH2 

I _ I 


V  transforms  the  cyclopropyl  radical  into  an  allyl.  after 

hich  it  shifts  the  hydrogen  of  the  hydroxyl  group  to  the  beta  position  and  closes 
the  oxygen  bridge,  constituting  the  oxide. 

We  had  observed  the  transformation  of  a  cyclopropyl  radical  into  an  allyl 
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earlier  [o].  To  I’rove  the  structure  of  the  sytitheslzed  oxide,  It  was  oxidized 
with  potasGlUiQ  permanganate,  yielding  a  lactone  of  Y'^^^t^^yl'T'^y^o^caproic  acid; 


Qla 

C2H5 


'^CCIl2CH2CH2 

V' 


_c 


CHa 


yCRpCllpC^^ 
C2H5  \  /N)ii 


OH 


CHa 

^CCH^CH^O 
C2H5  \ 


We  titrated  the  lactone,  securing  silver  Y-niethyl-Y-hydroxycaprbate j  concen¬ 
trated  ammonia  In  the  cold  converted  the  lactone  Into  Y-methyl-Y-hydroxycaproam- 
Ide.  We  thus  see  that  the  reaction  of  formic  acid  with'  methylethylcyclopropyl- 
carbinol  Is  quite  different  from  Its  reaction  with  the  alcohols  described  above, 
neither  a  hydrocarbon  nor  an  ester  being  produced. 


EXPER  IMENTAL 
(By  the  student  N.  V.  Shcherblnskaya) 

I.  The  Reaction  of  Methylphenylcyclopropylcarblnol  with  Formic  Acid 

Synthesis  of  methylphenylcyclopropylcarblnol.  Methylphenylcyclopropylcar- 
binol  was  synthesized  by  the  method  developed  by  Sh.  A.  Fridman  [10];  a  mixture 
of  76*5  6  bromobenzene  and  42  g  of  acetyltrimethylene,  dissolved  in  25O  ml  of 
ether,  was  added  during  the  course  of  4  hours  to  12  g  of* magnesium  covered  with 
absolute  ether.  After  decomposition  with  ice  water  and  dilute  sulfuric  acldj  the 
reaction  products  were  extracted  with  ether  and  desiccated  with  potash.  The  resi¬ 
due  was  distilled  in  vacuum  after  the  ether  had  been  driven  off.  Several  runs  of 
this  reaction  yielded  50-55  g  of  alcohol,  with  a  b.p.  of  119-121“  at  I5  mm.  The 
yield  was  55-5T^« 

The  action  of  48%  and  45^  formic  acid'  upon  methylphenylcyclopropylcarblnol . 

88  g  of  48^  formic  acid  was  added  to  50  g  of  the  alcohol.  The  reaction  mixture 
was  boiled  for  an  hour  and  a  half  with  a  reflux  condenser,  after  which  the  top  layer 
was  separated  and  then  washed  with  a  soda  solution  and  with  water.  The  lower  layer 
was  neutralized  with  soda,  after  which  it  was  extracted-.ywith  ether.  The  residue 
was  desiccated  with  potash  and  the  solvent  was  driven  off,  after  which  the  residue 
was  distilled  in  vacuum.  Two  fractions  were  collfected;  l)  88-90“  at  8  mm  -  12  g 
(40^)j  2)  158-140“  at  8  mm:  12.5  g  (4l^) . 

The  first  fraction  represented  the  hydrocarbon  phenylcyclopropylethylene, 
the  second  being  an  ester. 

In  the  second  experiment,  we  used  a  somewhat  more  dilute  acid,  containing 
45^  HCOOH,  which  raised  the  output  of  the  ester  to  55^,  the  hydrocarbon  yield 
dropping  accordingly. 

Analysis  of  the  hydrocarbon  with  a  b.p.  of  88-90“  at  8  mm: 

d|^  0.9618;  n2^1.5421;  MR^,  47.15.  > 

CiiHi2F4*  Computed:  47. 06. 

'  0.1079  g  substance:  O.5616  g  CO2;  0.0790  g  HaO. 

0.0914  g  substance:  0.5064  g  CO2;  0.0674  g  H2O. 

^  Found  C  91.39,  91-^2;  H  8.19,  8.25. 

'  CiiHi2.  Computed  C  91*67;  H  8.55* 

0,0945  g  substance:  14.52  g  benzene:  At  0.25“. 

‘  '  Found:  M  146.9. 

C11H12.  Computed:  M  144.0. 

Tiie  hydrocarbon  was  oxidized  with  potassium  permanganate.  10  g 
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of  the  hydi-ocarbon  required  y(  «  of  KMri04.  mOy  i.reclpltnto  vu,,  filtered 

out  and  the  neutral  producto  were  driven  off  with  ntcjim  and  extracted  with  ether. 
Tlic^ether  wuo  drawn  off  in  vacuum;  the  reelduol  oily  liquid  crystallizing  when  it 
was  chilled  with  ice  (according  to  Klzhner,  the  melting  point  of  benzoyltrlmethyl- 
ene  is  5‘’)«  Tlie  semlcarbazone  was  prepared  a^  beautiful  lustrous  white  needles j 
b.p.  177-177*!)"  (from  alcohol).  The  m.p.  le  l84®  according  to  Klzhner. 

0.0508  g  substance;  5*5  “I  Nz  7^5  nun). 

Found  N  20.64. 

C11H13ON3.  Computed  N  20. 69. 

The  solution  left  after  the  neutral  products  had  been  driven -off  was  then 
placed  in  an  extractor  for  two  days.  After  the*  ether  had  been  driven  off;  a  white 
crystalline  substance  was  left,  which  was  pressed  out  on  a  porous  plate.  The 
resulting  crystals  had  a  sharp  m.p.  of  53** 

0.0990  6  substance;  O.2708  g  C02j  0.0694  g  H2O. 

*  0.0885  g  substance;-  0.2405  g  COa;  O.0625  g  H2O. 

Found  C  7^.60,  7^.225  H  7.8^,  7-92. 

C11H14O2.  Computed  C  74.16 j  H  7*86. 

0.0405  g  substance;  9*52  ml  CH4  (8.5®,  77^  mm). 

,  0.0545  g  substance;  16.82  ml  CH4  (12.1®,  776  mm). 

Found  active  H  1.022,  1.0542;  active  H  atoms, 

1.80,  2.56. 

CiiHi2(0H)2.  Computed  active  H  1.152;  active  H  atoms,  2.  . 

The  substance  was  oxidized  with  lead  tetraacetate  by  the  Crlege  method  [n]. 
Freshly  prepared  leadttetraacetate  was  heated  for  2  hours  over  a  water  bath  at 
5O-6O®  with  0.5  g  of  the  glycol  in  a  small  flask  fitted  with  a  reflux  condenser, 
after ‘which  the  flask  contents  were  neutralized  with  a  potash  solution  and  des¬ 
iccated  with  potash.  The  precipitated  mineral  salt  was  filtered  out,  and  the 
neutral  products  were  driven  off  from  the  filtrate;  the  semlcarbazone  was  then 
prepared  from  the  neutral  products.  The  melting  point  was  I77®  after  double 
recrystallization  from  alcohol.  A  test  sample  mixed  with  benzoyltrimethylene 
semlcarbazone,  secured  by  oxidizing  the  hydrocarbon  with  potassium  permanganate, 
exhibited  no  depression. 

Analysis  of  the  Substance  with  a  M.p;  of  158-140®  at  8  mm; 


dS  1.058;  d|2  1.01(0;  n®®  I.5566;  MR^,  56.84. 

Ci2Hi402f  4.  Computed;  MRq^  54. 81. 

0.5585  g  CO2;  0.0855  g  H2O. 
0.2471  g  CO2;  0.0569  g  H2O. 

C  75.67,  75.72:)  H  7.64,  7.16. 
C  75.79;  H  7.37 

10.25  g  benzene;  At  O.59®. 

M  189,8 
M  190.0. 


'  0.1220  g  substance 
0,0890  g  substance 
Found  % 
C12H14O2.  Computed  ^ 
0,1476  g  substance 
Found 

0'i2Hi402  .  Computed 


5  g  of  the  substance,  dissolved  in  chloroform,  was  ozonized.  The  ozonide 
vas  decomposed  by  a  soda  solution  while  heated  over  a  water  bath?  tS  neu^raf  ' 

Off  with  steam.  A  semlcarbazone,  with  a  „  “  19?“  (??om 

alcohol)  was  prepared;  it  exhibited  no  deoression  wh-n  mixed  with 

former  driven  off.  The  distillate  was  found  to  contain  ' 

ad™i).  w?  i?rfiJ^b?f was 

tlon  of  the  ester  with  potassium  Se^^ganat'nke^l^r^^eMed 

formlc  acid,  which  again  Interfered  with  the  determlnat^^f tSlc^r^uHc^d 
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Enponlfylng  ilio  cPficr,  I5  g  of  the  cater  vao  heated  for  20  hours,  with 
constant  stirring,  with  twice  the  tuaount  of  a  20^  potash  solution,- 
after  which  the  upper  layer  was  separated,  washed  with  water  and  desiccated  with 
'  potash,  and  ether  extracts  were  made  of  the  lower  layer.  After  desiccation  and 
'  driving  off  of  the  solvent,  the  residue  was  vacuum-distilled,  yielding  on  un- 
^  saponified  ester.  The  alkaline  solution  was  acidulated  with  sulfui’lc  acid,  the 
^  mineral  salts  were  filtered  out,  and  the  filtrate  was  steam  distilled.  No  formic 
!  acid  was  found  in  the  distillate,  which  again  indicated  that  the  ester  was  not 
^  saponified,  -  .  ' 

c  '  ' 

*  The  recovered  ester  was  reacted  with  20^  KOH  to  saponify  it.  The  heating 

^  and  stirring  was  •  continued  for  64  hours,  hut  was  also  unsuccessful, 

J  .  ' 

<  An  endeavor  was  made  to  saponify  the  ester  by  the  Auwers  method,  20  g  of 

I  the  ester,  dissolved  in  dilute  ethyl  alcohol  (26  g  of  alcohol  and  12  g  of  water), 
was  placed  in  a  round-bottomed  flask.  The  mixture  was  brought  to  a  boil,  and  a 
J  solution  of  4,2  g  of  NaOH  in  4,2  g  of  water  was  added  from  a  dropping  funnel, 

^  It  took  an  hour  to  add  the  alkali,  and  then  stirring  was  continued  for  another 
j  40  minutes.  The  top  layer  was  separated  and  desiccated;  it  turned  out  ta  be 
I  the  unsaponifled  ester,  while  no  formic  acid  was  found  in  the  aqueous  layer. 


S 

« 

I 

f 

# 

1 
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Decomposing  the  ester  with  ethylmagnesium  bromide,  20  g  of  C2H^Br  dissolved 
in  ether  was  added  to  ^.6  g  of  magnesliim  covered  with  ether.  Stirring  was  con¬ 
tinued  for  another  hour  after  all  the  ethyl  bromide  had  been  added.  l4,7  g  of 
2-phenylpenten-2-ol-5  formate,  dissolved  in  50  ml  of  absolute  ether,  was  added 
to  the  resulting  ethylmagnesium  bromide.  The  reaction  is  extremely  violent,  and 
the  reactor  had  to  be  chTlled  with  ice  water.  The  organomagnesium  coordination 
compound  was  decomposed' with  ice  water  and  sulfuric  acid  ^l':5l The  reaction 
products  were  extracted  with  ether  and  desiccated  with  potash.  The  ether  was 
driven  off,  and  the  residue  was  distilled,  at  first  under  atmospheric  pressure. 

1.1  g  of  a  100-120“  fraction,  representing  diethylcarbinol  (b.p.  117°),  was 
collected;  distillation  was  then  continued  at  a  vacuum  of  12  mm.  This  yielded 
the  following  fractions;  l)'  0.6  g  at  29-138“;  and  2)9*9  g  at  158-144®.  The  sec¬ 
ond  fraction  was  redistilled,  yielding  8.6  g  of  a  substance  with  a  b.p.  of  142- 
l44-“  at  12  mm.  The  fraction  representing  the  diethylcarbinol  was  sealed  into 
an  ampoule  with  phenyh  isocyanate.  The  resulting  phenylurethane  had  a  m.p.  of  48“ 
after  recrystallization  from  alcohol,  which  is  in  agreement  with  the  figure  given 
in  the  literature. 


0.2117  g  substance;  l4  ml  H2  (24®,  7^5  mm). 

Found  H  7*45. 

C12H11O2.  Computed  jo:  N  6.96. 

Analysis  of  the  Alcohol  2-Phenylpenten-2-ol-5 

■  dif  1.032;  1-.5573;  MBa  50.65. 

C11H14OP4  Computed;  MRq^  50*09* 

0.0991  g  substance;  0.2955  g  OO2;  0.0771  g  H2O. 

0.1028  ’g  substance;  0.50^  g  CO2;  O.O79O  g  H2O. 

•  Found  C  81.55,  81.45;  H  8.70,  &:6io. 

C11H14O.  Computed  C  81.49;  H  8.64. 


Hydrogenating  2-phenylpenten-2-ol-5 .  5  g  of  the  alcohol  and  1  g  of  the 

catalyst  -  platinum  black,  prepared  by  the  Wilstatter -Fokin  method  -  were  used  in 
hydrogenation.  Hydrogenation  was  effected  in  absolute  alcohol  and  was  extremely 
Blow  (taking  about  10  hours).  After  hydrogenation  was  complete,  the  platinum 
black  was  filtered  out,  the  alcohol  was  driven  off,  and  the  residue  was  distilled 
in  vacuum;  the  substance  distilled  at  128-153”  (H  Pw) *  The  resultant  product 
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decolor l7,c'(l  KM11O4  very  iil.lfttit  ly.  The  alcohol  wiiu  treated  with  O.U  g  of  potaoaluin 
permanganate  to  eliminate  the  trareo  of  urirmturated  compoundo.  Tlic  MnO^  precip¬ 
itate  wan  filtered  out  and  boiled  thoroughly  with  ether  in  a  flask  fitted  with  a 
reflux  condonoor.  The  neutral  producto  driven  off  from  the  nqueoua  solution  were 
extracted  with  ether,  the  ether  extracts  were  desiccated  with  potash,  the  ether 
was  driven  off,  and  the  residue  was  distilled  in  vacuum.  The  resulting  alcohol 
boiled  at  152- W  (11  mm): 

d2  0.9962)  d|°  0.9822;  1.5164;  MR^  50.45' 

CiiHieOf'a.  Computed;  5O.59. 

Oxidizing  Y -phenyl  amyl  alcohol  with  a  chromic  acid  mixture,  by  the  Houben 
method.  2  g  of  the  alcohol  was  heated  for  40  minutes,  with  a  reflux  condenser, 
with  1.88  g  of  NazCrsOy *21120,  24  ml  of  water,  and  2.5  g  of  sulfuric  acid.  The 
solution  turned  green.  After  it  had  cooled,  the  solution  was  extracted  with  ether, 
the  ether  extracts  likewise  being  green;  the  color  of  the  ethereal  solution  per¬ 
sisted  even  after  it  had  been  washed  with  water.  The  solution  was  desiccated 
with  calcined  sodium  sulfate,  the  ether  driven  off,  and  the  dark-green  mass  re¬ 
maining  as  a  residue  was  not  distilled  in  vacuum  (according  to  the  literature, 
y-phenylvaleric  acid  bolls  at  170“  and  10  mm).  Dilute  (l:^  sulfuric  acid  was  added 
J;o  eliminate  inorganic  impurities.  When  we  tried  to  distil  the  Y -phenyl - 

valeric  acid  with  steam,  yellow  drops  of  an  oil  floated  to  the  surface  in  the 
distilling  flask;  they  did  not  distil  with  steam  and  were  extracted  with  ether. 
After  the  ether  had  been  removed,  a  thick  yellow  mass  was  left,  which  had  an  acid 
reaction.  The  resulting  acid  was  dissolved  in  hot  ammonia,  and  the  excess  amtuonia 
was  eliminated  by  boiling.  A  concentrated  solution  of  AgNOa  was  added- to- the 
resultant  solution.  The  precipitated  silver  salt  was  einalyzed. 

0.0551  6  substance;  0,0209  g  Ag.  - 

0.0492  g  substance;  0.0187  g  Ag.  '  _ 

Found  Ag  57*93^  58.00. 

CiiKi302Ag.  Computed  Ag  57*89.  .  .  ,  ' 


II.  Reaction  of  Methylphenylallylcarbinol  With  Formic  Acid 

Synthesis  of  merbhylphenylallylcarbinol.  The  methylphenylallylcarbinol  was 
produced  by  the  method  developed  by  Sh.  A.  Fridman  {ioj.  Some  methyl  or  ethyl 
iodide  was  added  to  12  g  of  magnesium,  covered  with  a  small  amount  of  ether,  in 
order  to  induce  the  reaction.  Then  a  solution  of  6^  g  of  acetophenone,  64  g  of 
allyl  bromide  in  200  g  of  an  ether -benzene  mixture  (l;l  by  weight)  was  added 
drop  by  drop.  The  reaction  was  carried  out  while  heating  to  45“  over  a  water 
bath.  It  took  5  hours  to  add  the  above  solution,  and  then  the  reaction  mixture 
was  stirred  for  another  2y2hours  at  the  same  temperature.  The  next  day  the 
organonagnesium  coordination  compound  was  decomposed  with  ice  water  and  sulfur¬ 
ic  acid  (1:5).  The  ether-benzene  layer  was  separated,  and  ether  extracts  made 
of  the  aqueous  layer.  After  the  extracts  had  been  desiccated  with  potash  and 
the  solvent  had  been  driven  off,  the  residue  was  distilled  in  vacuum.  The  unr 
reacted  acetophenone  (25-27^)  distilled  at  first,  followed  by  the  synthesized 
alcohol.  Redistillation  yielded  54  g  of  an  alcohol  with  a  b.p,  of  99-101“  at  9 
mm,  or  51^,  based  on  the  acetophenone  that  entered  into  the  reaction. 

Reaction  of  methylphenylallylcai-binol  with  60^  formic  acid.  50  g  of  meth¬ 
ylphenylallylcarbinol  was  heated  for  an  hour  and  a  half,  with  a  reflux  condenser, 
with  90  g  of  80^. formic  acid,  after  which  the  top  layer  was  separated,  washed 
with  a  soda  solution  and  with  water,  and  desiccated  with  calcined  potash.  Ether 
extracts  were  made  from  the  bottom  layer,  which  had  been  neutralized  with  an¬ 
hydrous  soda,  and  the  extracts  were  desiccated  with  calcined  potash.  An  endeavor 
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waG  mfidc  to  djotll  tlio  rooultant  product  at  10  nmi,  hut  without  ducccog.  The  poly- 
mcr,  poured  Into  a  cryntnlllzor ,  colidlfied  Into  a  transparent,  light-yellow  maoo, 

0.1082  g  substance;  0.3622  g  CO2;  0.0792  g  HaO. 

0.1004  g  substance;  O.3639  g  CO2J  0.0018  g  HpO. 

Found  i>\  C  91.50,  91.^7;  H  0.10,  0.44. 

CiiHia.  Computed  C  91*67;  H  8.33. 

Reaction  of  methylphenylallylcarbinol  with  48%  formic  acid.  30  g  of  the 
alcohol  was  added  to  90  g  of  48^  formic  acid.  The  reaction  lasted  3  hours  at 
room  temperature,  with  constant  stirring.  After  the  reaction  was  over,  the  top 
layer  was  separated,  washed  with  soda  and  then  with  water,  and  ether  extracts 
were  made  of  the  neutralized  bottom  layer.  After  desiccation  and  after  the  ether 
had  been  driven  off,  the  residue  was  distilled  in  vacuum,  two  fractions  being 
collected;  l)  09-97®  at  9  mm  -  9.5  g  (31.7^);  and  2)  97-101*  at  9  mm  -  10  g  (60.0^). 
The  first  fraction  was  redistilled,  yielding  about  7  g  of  a  hydrocarbon  with  a 
b.j).  of  80-90*  at  13  mm.  The  second  fraction  was  the  alcohol  that  had  not  reacted. 


Analysis  of  the  Hydrocarbon  with  a  b.p.  of  88-90*  at  13  mm; 

dS  0.9668;  d|^  0.9472;  n^3  1.5^29;  MR^  47.86. 


CiiHi2r5.  Computed 


MRa  48.07. 


0.1468  g  substance 
0.0780  g  substance 
Found 

CiiHi2.  Computed  ^ 


0,4928  g  CO2;  0.1074  g  H2O. 
0.2616  g  CO2;  0.0585  g  H2O. 

C  91.55,  91.^6;  H  8.19,  8.59. 
C  91.67;  H  8.35. 


0.1556  g  substance; 

Found; 
C11H12.  Computed; 


17.15  g  benzene; 
M  145.4 
M  144. 


At  0.32*. 


Another  test  was  run  with  acid  of  the  same  concentration,  but  with  boiling 
the  mixture  for  one  hour  and  a  half.  The  hydrocEirbon  yield  was  5^^  in  this  test. 

Oxidizing  the  hydrocarbon.  4.6  g  of  the  hydrocarbon  required  32  g  of  pot¬ 
assium  permanganate.  The  neutral  products  yielded  a  negligible  quantity  of  aceto¬ 
phenone,  recovered  as  its  semicarbazone  with  a  m.p.  of  194*  (from  alcoho]),  which 
exhibited  no  depression  when  mixed  in  a  test  sample  with  the  semicarbazone  of 
known  acetophenone.  The  salt  solution  was  evaporated,  acidulated,  and  extracted 
with  ether.  The  extracts  were  desiccated  with  sodium  sulfate,  and  the  ether  was 
driven  off;  this  yielded  benzoic  acid,  which  fused  at  121*  after  double  sublim¬ 
ation  and  exhibited  no  depression  when  mixed  in  a  test  sample  with  known  benzoic 
acid.  Oxalic  acid  was  recovered  as  its  calcium  salt,  desiccated  at  100*  to  con¬ 
stant  weight,  from  the  solution  left  after  the  benzoic  acid  had  been  extracted. 

0.1296  g  substance;  O.O569  g  CaO. 

0,1023  g  substance;' 0.0450  g  CaO. 

Found  CaO  43.88,  43.98. 

C204Ca.  Computed  CaO  43.75" 

Reaction  of  methylphenylallylcarbinol  with  98%  formic  acid.  40  g  of  98^ 
formic  acid  was  added  to  30  g  of  the  alcohol.  The  reaction  was  carried  out  for 
three  hours,  with  constant  stirring  and  chilling  with  ice.  Some  water  was  added 
to  the  flask  after  the  reaction  was  over;  the  upper  layer  that  formed  was-  separ¬ 
ated,  washed  with  soda  and  with  water,  and  desiccated  with  calcined  potash.  Ether 
extracts  were  made  of  the  neutralized  lower  layer.  After  desiccation  euid  after 
the  ether  had  been  driven  off,  the  residue  was  distilled  in  vacuum,  yielding  351^ 
of  a  fraction  representing  the  hydrocarbon  2-phenylpentadiene-l,4  and  25^  (7.5  g) 
of  a  fraction  with  a  b.p.  of  1C6-114*  at  10  mm.  Some  2  g  of  a  polymer  remained 
in  the  distilling  flask.  Redistillation  of  the  108-ll4“  (lO  mm)  fraction  yielded 
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...  .  1  j<)  lih®  fit  10  nirrit  conot«ntD  und  tinnlyolo 

^i/vMch  ?n!;‘icatcl  Umi  U  Z  the  e:ter  of  mcthylphenylallylcarblnol  and  formic 


acid. 


0.1222  g  Bubotance:  O.jUOl  g  CO2;  0.0790  6  HaO* 

0.1025  g  Bub stance;  O.2853  g  CO2;  O.0686  g  II2O.  . 

Found  C  79.02,  76. 09;  H  7.51,  7.50. 

C12U14O.  Computed  C  75*79,  H  7.57* 

dS  1.0397i  dl®  1.01055.  4®  1.5179)  MRa  56.85. 

Ci2Hi402f4.  Computed:  .MRq^  54. 81. 

.  0.1482  g  substance)  l6.84  g  benzene:  At  0.24*. 

Found:  M  l88.  .  , 

C12H14O2.  Computed:  M  I90.  ..  .. 

Saponifying  the  ester  of  methylphenylallylcarblnol.  8.5  g  of  the  ester  was 
brought  to  a  boil  with  a  solution  of  6  g  of  K2CO3  >  In  24  ml  X>f  water  for  27  hours 
with  constant  stirring.  After  heating  was  over,  the' upper  layer  was  separated, 
washed  with  water,  and  desiccated  with  calcined  potash.  Ether  extracts  were  made 
of  the  lower  layer.  The  extracts  were  desiccated,  the  ether  was  driven  off,  and 
the  residue  was  distilled  in  vacuum.  This  yielded  6.7  g  of  a  fraction  with  a 
b,p.  of  98-’105‘’  at  10  mm.  The  boiling  point  indicated  that  the  substance  recov¬ 
ered  was  methylphenylallylcarblnol.  To  prove  that  it  contained  no  traces  of  the 
cyclic  alcohol,  which  might  have  been  formed  during  the  saponification  of  the 
ester,  the  synthesized  alcohol  was  oxidized  with  potass jrum  permanganate,  but  no 
neutral  products  were  recovered,  except  for  negligible  traces  of  acetophenone; 
the  only  product  of  the  ester's  saponification  thus  .proved  to  be  methylphenyl- 
allylcarbinol. 

III.  The  Reaction  of  Methylethylcyclopropylcarblnol  With  Formic  Acid 

(  By  the  student  S.  E.  Chernobelskaya) 

.-50  g  of  acetyltrlmethylene  was  added  drop  by  drop,  while  chilled  by  ice, 
to  ethylmagnegiua  bromide,  prepared  from  14  g  of  magnesium  and  65  g  of  ethyl 
bromide.  The  resultant  organomagnesium  coordination  compound  was  decomposed 
with  ice  water  and  dilute  sulfuric  acid.  The  reaction  products  were  extracted 
with  ether,  desiccated  with  calcined  potash,  and  distilled.  Repeated  distil¬ 
lations  yielded  21. 5  g  of  a  substance  with  a  b.p.  of  l4l-l42*,  or  42^.  The  re¬ 
sulting  methylethylcyclopropylcarblnol  did  not  decolorize  a  KMn04  solution  and 
possessed  the  following  constants: 

-  d|0  0.8869;  n|^  1.4596;  MR^  55.8*4. 

C7H14O.  Computed:  MR^^  55.70.  ' 

solution  and  with  vAtp-r  o  a  ^  j  layer  was  removed,  washed  with  soda 

werfmade”?  lover  ia^r  »ith  calcined  potash.  Kther  extracts 

yielded  lU  g  of  a  substance  ^ith  a  b?t°of  di^tUline,  the  residue 

Anajjrsj^_of  the  Substance  with  a  b.p.  of  IIQ-12V 


oleia  f  0-5569  g  COn;  0.2261  g  HgO. 

0.1625  g  substance:  0.4599  g  COa)  0.1864  g  H.O 

CROP  f-  ■^5-65;  H  12.31,  12.43. 

C7H14O.  Computed  C  75.68;  H  12.28!  ^ 
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Tlio  nubntarvce  with  a  b.p.  of  119-121®  slowly  decolorizes  a  KMi\04  solution 
and  exlilblts  no  reaction  for  a  hydroxyl  or  carbonyl  group. 

Oxidizing  the  substance  with  a  b.p,  of  119-121®.  l4.8  g  of  the  substance 

with  a  b.p.  of  119-121®  was  first  oxidized  with  a  l^*'KMn04  solution,  and  then  the 
pulverized  anhydrous  salt  was  poured  into  the  bottle  In  which  oxidation  was  being 
effected.  Oxidation  was  extremely  slow  at  room  temperature,  lasting  5  hours.  Per¬ 
manent  coloration  appeared  after  32  g  of  KMn04  had  been  added.  No  neutral  products 
were  produced  by  oxidation.  After  a  concentrated  solution  of  the  salt  had  been 
acidulated  with  sulfuric  acid,  an  oily  layer  floated  at  the  surface  of  the  solu¬ 
tion.  Ether  extracts  were  made  of  the  aqueous  solution.  The  resultant  product 
boiled  at  218-222*  at  atmospheric  pressure  after  it  had' been  desiccated  with  cal¬ 
cined  sodium  sulfate.  Analysis  of  this  substance  indicated  that  it  was  the  lac¬ 
tone  of  Y“hy<^o^96^prolc  acid.  Refractinnatlon  yielded  10  g  of  a  sub¬ 

stance  with  a  b.p.  of  220-221*5  the  yield  was  60^. 

Analysis  of  the  Substance  with  a  b.p.  of  220-221*: 

•  d2  I.019I5  di®  1.0025;  d|°  1.0009;  n^®  1.4401;  55.66. 

C7H12O2.  Computed:  MR^^  35.62. 

0.1554  g  substance:  O.3755  g  CO2;  0.1322  g  H2O. 

0.1585  g  substance;  O.5825  g  CO2;  0.1346  g  H2O. 

Found  65. 90,  65.82;  H  9.52,  9.5O. 

V  C7H12O2.  Computed  C  65.635  H  9.57.  .  ' 

0,1581  g  substance:  I5.O7  g  benzene:  At  0,4l5*. 

.  -  Found:  M  126 .'3. 

C7H12O2.  Computed:  M  128. 

The  lactone  was  boiled  with  an  excess  of  alkali  until  it  dissolved  completely 
in  order  to  determine  its  neutralization  equivalent.  The  excess  alkali  was  ti¬ 
trated  back  with  acid. 

Found:  M  126.7,  127-  .  . 

C7Hi202.  Computed:  M  128. 

To  secure  the  silver  salt,  the  lactone  was  dissolved  in  ammonia  by  heating 
it  over  a  water  bath  in  a  beaker  covered  with  a  watch  glass.  The  resultant  am¬ 
monium  salt  was  treated  with  AgTJOa  after  the  excess  ammonia  had  been  driven  off 
by  evaporation.  The  snow-white  silver  salt  that  settled  out  was  analyzed. 

0.0723  g  substance:  O.O312  g  Ag. 

0.0603  g  substance:  0.0253  g  Ag. 

Found  Ag  42.91,  42.79. 

C7Hi303Ag.  Computed  Ag  42.69. 

Synthesizing  the  lactone's  amide  by  Flttig's  method  [^^j.  When  the  lactone 
was  treated  in  the  cold  with  a  concentrated  solution  (25^)  of  ammonia,  with  fre¬ 
quent  agitation,  the  lactone  entered  into  solution  very  slowly.  The  crystals 
that  settled  out  when  this  solution  was  evaporated  in  vacuum  over  sulfuric  acid 
were  pressed  out  on  a  porous  plate;  their  m.p.  was  9I-95®.  The  resulting  Y-methyl- 
-Y-hydroxycaproamide  dissolved  very  readily  in  water  and  alcohol,  while  it  was 
hardly  soluble  at  all  in  ether.  .  ^ 

0.0786  g  substance:  6.45  ml  N2  (i9“,  769  mm). 

Found  N  9.56. 

C7H15O2N.  Computed  N  9.65* 

SUMMARY 

1.  A  study  has  been  made  of  the  action  of  formic  acid  on  methylphenylcyclo- 
propylcarbinol,  methylethylcyclopropylcarbinol,  and  methylphenylallylcarbinol. 
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It  hao  boon  ahown  thiat  whm  mothylphcnyJcycloprupylcarblnol  in  boated 
with  formic  acid,  a  hydrocarbon,  anyinmetricaL  phonylcyclopropyl ethylene,  and  on 
enter  of  the  unnaturated  primary  alcohol  2-phcnylpentcn-2-ol-5  ore  formed. 

3.  It  has  been  proved  that  thin  Involveo  the  isomerization  of  the  three- 
membered  ring  to  on  open  chain,  and  the  mechaniom  of  this  isomeric  transforma¬ 
tion  has  been  put  forvard. 

4.  In  view  of  the  fact  that  the  ester  of  2-phenylpenten-2-ol-5  could  not 
be  saponified  by  the  methods  employed,  it  was  decomposed  by  reacting  it  with 
ethylmagnesliun  bromide.  The  structure  of  the  resulting  alcohol,  2-phenylpenten- 
-2-01-5  was  demonstrated  by  hydrogenating  it  to  y-phenyl  amyl  alcohol,  followed 
by  its  oxidation  to  y-phenyl valeric  acid. 

5.  It  has  been  shown  that  when  methylphenylallylcarbinol  is  heated  with 
formic  acid  of  various  concentrations,  a  mixture  of  hydrocarbons  with  Isolated 
and  conjugated  double  bonds  results:  2-phenylpentadiene-l,4  and  4-phenylpenta- 
dlene-1,3. 

6.  The  action  of  concentrated  formic  acid  at  0*  results  in  the  formation, 
in  addition  to  the  hydrocarbons,  of  an  ester  of  methylphenylallylcarbinol,  which 
yields  the  original  unsaturated  alcohol  upon  saponification.  Thus  no  Isomeric 
transformation,  with  formation  of  a  cyclic  alcohol,  takes  place  in  this  case, 

7.  It  has  been  shown  that  when  methylethylcyclopropylcarblnol  is  heated 
with  formic  acid,  this  alcohol  is  isomerized  to  the  gamma  oxide,  of  1-methyl-l- 
ethyltetramethylene  or  4-methyl-4-ethyltetrahydrofuran. 

8.  The  structure  of  the  oxide  has  been  proved  by  oxidizing  it  to  a  lactone 
of  Y -nisthyl-Y -hydroxycaprolc  acid. 
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THE  BYNTHESIS  OF  HYDROCARBONS 
XII. .  niE  HYUROBRCMIDES  OP  DIENE  HYDROCARBONS  IN  THE  SYNTHESIS  OP 
OLEFIN  AND  PARAFFIN  HYDROCARBONS  WITH  A.  QUATERNARY  CARBON  ATOM 


R.  Ya.  Levina  and  N.  .P.  Shusherina 

N.  0.  Zelinsky  Laboratory  of  Organic  Chemistry,  Moscow  State  University,  awarded  tho  Order  of  Lenin 


In  our, previous  papers  [1,2, 3, 4]  we  described  the  reaction  of  2,4-dimethyl- 
-1,5-pentadiene  hydrobromide  with  organomagnesium  compounds.  .  . 

This  reaction  was  a  new  preparative  method  for  synthesizing  hydrocarbons 
with  a  quaternary  carbon  atom  -  the  2,4,4-trimethylalkenes  -  and  from  them  the 
2,4,4-trimethylalkanes  (by  hydrogenation) . 


;C=CHC=^CH2  +  HBr 


V 


Rj: — CH=C-CH3  + 
CH3  CH3 


R^I— CHg  CHCH3 
CHo  '  CHa 


Thus  the  initial  substance  in  this  synthesis  was  a  diene  hydrocarbon  with 
conjugated  double  bonds  —  2,4-dimethyl-l,5-pentadiene,  vdiich  can  be  readily  syn¬ 
thesized  by  reacting  mesityl  oxide  with  methylmagnesium  iodide. 

We  thought  it  important  and  interesting  to  endeavor  to  use  this  new  method 
of  synthesizing  hydrocarbons  with  a  quaternary  carbon  atom  for  a  wider  range  of 
diene  hydroceirbons  with  conjugated  double  bonds,  resembling  2,4-dimethyl-l,5- 
pentadiene  in  their  structure,  l.e.,  yielding  tertiary  bromides,  homologs  of  allyl 
bromide,  when  reacted  with  one  molecule  of  hydrogen  bromide. 

In  the  present  research  we  used  as  our  initial  substance  an  a, P -unsaturated 
ketone,  a  'homomesitcne,”  a  homolog  of  mesityl  oxide,  formed  by  condensing  two 
molecules  of  methyl  ethyl  ketone  by  having  alkaline  condensing  agents  act  upon 
them  [5] 5  the  structure  of  this  ketone  has  been  determined  by  many  authors  [e]: 

2CH3CH2C0CR3  CH3CH2C=CHC0CH2CH3 

CH3 

Reacting  the  '•homomesitone**  with  methylmagnesium  iodide  yielded  an  unsaturated 
tertiary  alcohol:  '  ,  (j>n 

C2H5(j=CHC0C2H5  +  CHaMgl  — >  C2H5(j:=CH-^C2H5 
CH3  CRs  CH3 


905 


Dehydration  of  the  reaultont  dime  thy  Iheptenol  might  lead  to  the  formation 
of  a  mixture  of  two  conjugated^  diene  hydrocarbons  -  3,5-dlmethyl-2,4-heptadiene 
(A)  and  U-methyl-2-ethyl-l,3-hexadiena  (b),  which  may  exist  In  several  stereolso. 
merle  forms: 

C2HsC«CH-C=CHCH3 

L  L  . .  ■  ■ 

C2H5C=CHCC2H5  •  “S3 

■•'C2%C=CH-(J=CH2  ■  ' 

^  C2Hs  v  ^ 

Actually,  It  was  found  that  dehydration  of  the  dlmethylheptenol  results  In  form¬ 
ation  of  a  mixture  of  diene  hydrocarbons,  which  distils  (above  sodium)  Into  A 
tower  throughout  a  wide  temperature  range- (136-142*) . 

In  subsequent  tests  the  dlmethylheptenol  was  not  recovered  in  Its  individ¬ 
ual  states  the  product  of  the  reaction  between  methylmagneslum  iodide  and  the 
• ’Tiomomesitone'*  was  heated  for  several  hours  (after  the  ether  had  been  driven 
off),  and  the  resulting  mixture  of  diene  hydroceurbons  was  slowly  distilled.  The 
yield  of  the  hydrocarbon  fraction  was  86^  of  the  theoretical  yield  (based  on.  the 
Initial  •homomesltone”) .  Thus  '  the  "homomesitone"  like  its  lower  homolog  —  mes¬ 
ityl  oxide  and  in  contrast  to  the  other  a,P -unsaturated  ketones  [7],  reacts  nor¬ 
mally  with  an  organomagnesium  compound  at  its  carbonyl  group,  giving  rise  to  a 
readily  dehydrated  unsaturated  tertiary  alcohol.  >  .  . 

The  formation  of  a  mixture  of  two  isomeric  diene  hydrocarbons,  dimethyl- 
heptadlene  (a)  and  methylethylheptadlene  (B),  when  dlmethylheptenol  is  dehydra¬ 
ted  could  not  cause  any  complications  In  subsequent  transformations  of  these 
hydrocarbons.  The  addition  of  hydrogen  bromide  to  each  of  them  at  the  1,2-  and 
1,4-positioa  ought  to  result  ^  a  single  hydrobromide  structure  (l)  and  its  add¬ 
ition  at  the  3,4-position  ought  to  result  in  the  hydrobromide  structure  (ll)  or 

(III):  -  . 


Br 

I 

■C2H5CCH2C=CHCH3 


;CCH2C=CI 

CH3  CH3 


Br  -  . 

I 

C2H5(jCH2^CH2 
Cii3  C2H5 
'  ^  : .(III) 


in  the 

3,4-posl- 

tlon 


^  +HBr 
in  the 
3>4-pasl- 
tion 


003  CH=  (j~GH= ^0285 


1  2  3  4 

CH2=y-CH=<JC2H5 
C2H5  .CH3 


4fiBr  ■  . 

in  the  1,2- 
or  1,4  pos¬ 
ition 


C2H5(>CH=(JC2H5 
CQ3  'C^3 


Ides  '“ydrobromlnatlon  reaction,  the  brom- 

lltv  of  homologs  of  allyl  bromide,  and  the  mobi- 

ti^e  fl)  ought  to  be  much  less  than  In  the  bromide  of  struc- 

i^lde  '  K  Mlit  tertiary  bromide  that  is  a  homolog  of  alSl 

were  fo^ed,  th^  vouirn:rre:cr^d:roidiLrTcondit?ons"v?S'r 

Ing  one  molecule  of  hydrogen  bromide\o  lias  shown  that  add- 

isomer,  methylethylhexadifne  results  in  dlmethylheptadiene  and  its 

Vbich.bolls  within  half  a 

the  pr^uct  of^the'^dehyi-ation^f^dl  hydrocarbon  that  is' 

Ihe.uns^turqted  tertiary  bromide  (ill  formation  of 

imsmch  as  a  bcmcnDsitone  with  a  d«ihiA  h  ^  ^ ^  ^  homolog  of  allyl  bromide,  which  can 

904  ludrocarbo.^  an  ..snlctcd  t.vpa  .ttruS  sLafta^n  aUturo  .l*4t  c 


cxlnt  In  only  one  form  bccuuoo  of  the  pocullnrlty  of  Ito  structure,  which  exclu¬ 
des  the  possibility  of  allyl  rearrangement  (inasmuch  an  the  first  and  third  car¬ 
bon  atoms  in  the  three -carbon  allyl  system  of  this  bromide  are  attached  to  iden¬ 
tical  radicals); 


CH3 

C2% 


Br 


•C2H5 

CHa 

CHa 

(I) 

CH=cC 

CHa 


. (IV)  . . 


I  •  ' 

The  2,4-dimethylpentadlene  hydrobromlde  previously  studied  by  us  [i],  whose  re¬ 
action  with  organomagnesium  compounds  resulted  in  the  formation'  of  hydrocarbons 
with  a  quaternary  carbon  atom,  possessed  a  structure  of  a  similar  type  (IV) 


The  tertiary  unsaturated  bromide  synthesized  in  "^he  present  research,  5“ 
bromo-5,5“dimethyl-3-heptene  (a, Y -dimethyl -a, Y-diethylallyl  bromide),  was  then 
reacted  with  organomagnesium  compounds.  The  products  of  this  reaction  turned 
out  to  be  ethylenic  hydrocarbons  (the  yield  was  about  50^  of  the  theoretical, 
based  on  the  mixture  of  alkadienes  used  for  the  hydrobromination  reaction),  formed 
by  the  substitution  of  the  radical  in  the  organomagnesium  compound  for  the  bromine 
atom  in  the  hydrobromlde  (l): 


CHa  CHa 

+  RMgHAl  - 

C2Hs  '■  CgHs 


C2H5 

C2H5C=CHC-R 
I  I 
CHa  CHa 


The  presence  of  a  quaternary  carbon  atom  in  the  synthesized  alkenes  was  demon¬ 
strated  by  analyzing  the  oxidation  products  of  one  of  these  alkenes,  as  well  as 
by  analyzing  the  Raman  spectra  of  the  corresponding  alkenes. 


A  by-product  in  the  reaction  of  the  hydrobromlde  with  organomagnesium  com¬ 
pounds  proved  to  be  the  original  mixture  of  diene  hydrocarbons  (l56-l42“)  formed 
as  the  result  of  detaching  hydrogen  bromide  from  the  hydrobromlde  (l);  the  yield 
of  this  hydrocarbon  fraction  was  55^  of  the  amount  used  for  the  hydrobromination 


reaction;' 


CH3. 


CHa^ 

C2H5 


,C=CHC 


?^CBa 


C2H5 


C2H5 


C=CH-C=CHCH3 

I 


CHa 


CHa 

-'^C=CH-C=CH2 

C2H5^  •  I  • 

C2H5 


(A) 


(B) 


EXPERIMENTAL 

The  3-methyl-3-hepten-5-one  (the  “homomesitone*')  was  synthesized  by  reac¬ 
ting  methyl  ethyl  ketone  with  calcium  carbide  in  a  Soxhlet  apparatus  [e].  The 
methyl  ethyl  ketone  that  did  not  enter  into  the  reaction  was  driven  off,  and  the 
residue  was  distilled  into  a  tower  with  aa  efficiency  of  25  theoretical  trays. 
The  resulting  3-methyl-3-hepten-5-one  (with  a  possible  trace  of  3 -methyl -2 -hep - 
ten-5 -one)  had  the  following  constants: 


Bp.  165-167“  (760  mm);  1.4476;  d|°  O.856O;  MR^  39-44. 

CeHi40  F.  Computed;  MRp  38-86;  EMp  O.58.  ^ 

Literature  data:  B.p.  64-70*  (20  mm);  1.4450;  df^  O.8565  [®3; 

b7p.  164-165“  (760  mm);  nj®  1.4491;  df^  O.855  [a]- 
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Reaction  nf  Hhomomcoitone**  with  methylmagnoBlum  iodld^  An 
tlon  of  •'homomeotton^'^the^molar  proportions  of  the  ketone,  the  methyl  iodide, 
and  the  magnesium  were  respectively)  vas  added  to  an  ethereal  ^‘^l^tlon 

of  methylmagncsium  iodide  with  constant  stirring  and  chilling  (with  snow  and  salt). 
Then’ the  reaction  mixture  was  heated  for  seven  hours  and  decomposed  by  pouring 
»lt  over  ice,  after  which  ammonium  chloride  was  added  to  It.  .After  the  ether  had 
been  driven  off  from  the  ether  extracts,  which  had  been  washed  until  their  reac¬ 
tion  was  neutral  and  desiccated  with  sodium  sulfate,  the  diene  hydrocarbons  were 
driven  off  with  the  water  formed  during  the  dehydration  of  the  tertiary  alcohol, 
which  had  the  following  constants:  , 

:  ■  .  L-  B.p.  176-177“  (750  mm);  ng®  1.4525;  d|°  O.855I;  MR^  45,01. 

'  .  . C0HieOf=  .  Computed:  MRj)  .44,93.  '  • 


.  .  -.5,145  mg  substance:  14,325  mg  CO2;  6.O9O  mg  H2O. 

3»950  mg  substance:  11.000  mg  CO2;  4.625  mg  H2O. 

Pound  C  75. 9^,  75*95;  H  I3.25,  13. 10* 

CeHieO.  Computed  C  75.97;  H  12.75* 


■  • ■  The  tertiary  alcohol  was  not  recovered  in  our 'subsequent  experiments.  To 
complete  the  dehydration,  the  product  of  the  reaction  between  the  •homomesltone” 
and  the  methylmagneslum  iodide  was  heated  for  three  hours  after  the  ether  had 
been  driven  off  and  then  slowly  distilled.  The  resulting  hydrocarbon  layer  was 
separated  from  the  aqueous  layer,  desiccated  with  calcium  chloride,  and  frac¬ 
tionated  over  sodium  into  a  tower  with  25  theoretical  trays.  A  diene  fraction 
with  a  b.p.  of  136-142“  (760  mm)  was  collected,  its  yield  being  86^  of  the  theor¬ 
etical,  based  on  the  original  unsaturated  ketone.  The  75  g  this  136-142“ 
fraction  yielded  two  major  fractions  after  fractionation  above  sodium  into  a 
tower:  36  g  with  a  b.p.  of  137-138“  (7^0  mm),  euid  24  g  with  a  b.p.  of  l40-l4l“ . 


The  first  fraction  possessed .the  following  constants; 

B.p.  137-138“  (760  mm);  n§°  1.4487;  d|^  O.766O;  MRp  43.42. 
CeHieT  2.  Computed:  MRj)  42.82;  EMj)  0.6. 

.  .5.510  mg  substance:  17.628  mg  CO2;  6.242  mg  H2O. 

.  .  4,735  mg  substance:  15,152  mg  CO2;  5.400  mg  H2O. 

Found  C  87.26,  87.27;  H  12.68,  12;76. 

CsHie.  Computed  C  87. 09;  H  12.91,  ' 

The  second  fraction  possessed  the  following  constants; 


B.p.  140-141  (760  mm);  n|°  1.4502;  d|°  0.7684;  MR^  43.63.  - 
C9H16  ^2*  Computed;  MR^  42.82;  .EMjj  0.8. 

4.670  mg  substance:  14.770  mg  CO2;  5.699  mg  H2O. 

•4,055  mg  substance;  12.825  mg  CO2;  4.485  mg  H2O. 

.  Found  C  86.98,  86. 8O;  H  13.02,  13.20.,  •... 

‘  .  CgHie.  Computed^:  C  87. 09;  H  12. 9I. 


By  analogy  with  the  diene  hydrocarbons  synthesized  by  Jacquemaln  [9]  in 
a  similar  manner  (reacting  mesityl  oxide  with  organomagnesium  compounds),  we 
may  assume  that  the  fraction  with  the  lower  constants  consists  leurgely  of  di- 
methy^eptadlene  (a),  while  the  fraction  with  the  higher  constants  consists  6f- 
methylethylhexadiene  (b) ,  Neither  3,5-dimethyl-2,4-heptadlene  nor  4-methyl-2- 
ethyl-l,3-hexadiene  is  described  in  the  literature.  .  ' 

Our  endeavors  to  obtain  addition  products  of  the  synthesized  diene  hydro¬ 
carbons  and  maleic  anhydride  (in  a  toluene  or  benzene  solution)  were  unsuccessful. 


rent  bromide  to  the  synthesized  diene  hydrocarbons.  A  cur¬ 

rent  of  anhydrous  hydrogen  bromide  was  passed  through  the  mixture  of  diene  hydro- 
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firboriB  ]0  g) ,  chilled  with  nnow  and  onlt,  until  the  IncreaDO  in  velglit 

correoponded  to  the  addition  of  one  molecule  of  hydrogen  bromide  (6-6.5  b) •  Tho 
resulting  hydrobromldo  (5-bromo-5,5“dlraethyl-5-heptene)  was  distilled  in  vacuum; 
its  constants  were  as  follows; 


B.p.  65-65.5®  (7  mm);  ngOl.4704;  dj°  1.1210;  MPj^  5O.9O, 
CelliyBr  p  .  Computed;  MRj) 


The  hydrobromide  turns  yellow  upon  standing.  Adding  hydrogen  bromide  to  each  of 
the  two  narrow  fractions  of  diene  hydrocarbons  (157-15^“  and  l40-l4^“)  resulted 
in  the  formation  of  a  hydrobromide  with  the  same  constants.  The  hydrobromide  (l) 
was  not  distilled  in  subsequent  experiments,  but  was  dissolved  in  absoJ.ute  ether 
as  soon  as  it  was  produced  and  then  reacted  with  organomagneslum  compounds. 


Reaction  of  5 -Bromo-5 .^-dimethyl-5 -hep tene  with  Methylmagnesium  Iodide 

- >  C2Hs“|^-CH=(j>-C2H5 


Br 

I 


C2H5(j;-CH=^C^  +  CHaMgl 


CEq  CEq 


CH3  CH3 


48  g  of  the  hydrobromide,  dissolved  in  ether  and  chilled  to  -40  to  -50®, 
was  added  during  the  course  of  half  an  hour  to  an  ether  solution  of  methylmagnes¬ 
ium  iodide  '(50  g  of  methyl  iodide  and  8.2  g  of  magnesium),  with  constant  stirring 
and  chilling  to  the  same  temperature.  The  reaction  mixture  was  then  stirred  for 
another  2  hours  while  chilled  (to  -40®)  and  for  5  hours  the  next  day  while  heated. 
Decomposition  was  effected  by  pouring  the  reaction  mixture  ever  ice  suid  then  add¬ 
ing  ammonium  chloride.  After  the  ether  had  been  driven  off  from  the  ether  ex¬ 
tracts,  which  had  been  washed  and  then  desiccated  with  calcium  chloride,  the  res¬ 
idue  was  fractionated  over  sodium  (into  a  tower  with  25  theoretical  trays).  The 
resulting  hydrocarbon,  5/5^5“brlmethyl-5-heptene  (12.7  g,  51^  of  the  theoretical), 
possessed  the  following  constants; 

B.p.  151-152®  (764  mm);  n|°  1.4550;  d|°  O.7658;  MRjj  47.91. 

C10H20  F  • 'Computed;  MRj)  47.91* 

'  I, L. Kondakov  [^o]  condensed  asymmetrical  methylethylethylene  with  tert¬ 
iary  amyl  chloride  and  synthesized  a  hydrocarbon  (b.p.  157-157*5  -at  759  mm;  df^ 
0,7729) ^  bo  which  he  ascribed  the  structure  of  5^5^5-brimethylheptene-5. 

Fractionation  of  the  reaction  product  again  yielded  the  original  mixture 
of  diene  hydrocarbons  (lO  g;  55^  by  weight  of  the  hydrocarbons  used  in  the  hydro- 
bromination  reaction)  with  a  b.p.  of  157-l4l°;  n^®  1.4480;  df®  O.765O,  which  was 
formed  as  the  result  of  the  detaching  of  hydrogen  bromide  from  the  tertiary  alco¬ 
hol  during  the  reaction. 

Oxidizing  5,5,5-trimethyl-5-heptene.  l4  g  of  potassium  permanganate  was 
added  in  the  course  of  24  hours,  with  constant  stirring,  to  a  solution  of  5  B  of 
3>5^5-trimethyl-5-heptene  in  100  ml  of  acetone  (treated  preliminarily  by  heating 
it  with  potassium  permanganate).  The  usual  treatment  yielded  I.5  g  of  dlmethyl- 
ethylacetic  acid  with  a  b.p,  of  I86-I87®;  its _p-phenylphenacyl  ester  had  a  m.p. 

of  85® . 

Analysis  of  the  p-Phenylphenacyl  Ester;  '  “ 

4.885  mg  substance;  mg  CO2;  5*210  mg  HpO. 

5.825  mg  substance;  16.459  mg  CO2;  3*875  mg  H2O. 

Found  C  76*99,  76.97;  H  7*35,  7*44.  ,  , 

C20H22O3.  Computed  C  77*^1;  H  7*09« 

Literature  data  on  dimethylethylacetic  acid;  A.B.Favorsky  [n]  -  b.p. 
reaction  vessel  »as  balanced  on  the  scales  the  reaction  lasted  40  minutes. 


166-187";  Hrake  and  Uronltok/  [li?]  -  m.p.  of  the  phcriylphcnacyl  ester  -= 

66*. 

Catalytic  hydrogenation  of  3 .!) .!>-trlmethyl-3-hex)teng.  The  hydrocarbon  wao 
paosed” over  nickel  on  alumina  at  I6O-I7O'’  In  a  current  of  hydrogen  at  the  rate  of 
0.1  ml  per  minute.  After  receiving  the  uoual  treatment,  the  catalyzate  was  dis¬ 
tilled  over  sodium  Into  a  tower  with  25  theoretical  trays.  The  resulting  5>5>5“ 
t r 1 methyl heptane  hud  the  following  constants! 

B.p.  155.5-155.7*  (750  nim)j  ng°  1.4l76j  d|°  0.7440j  MRp  48,21. 

«  C10H22.  Computed:  MRjj  48.50. 

2.870  mg  substance:  8.892  mg  CO2;  5.995  og  H2O. 

4,950  substance:  15*522  mg  CO2/  6.865  mg  H2O. 

Found  <f,i  C  84‘.50,  84.42;  H  15.57,  15*51. 

'  C10H22.  Computed  C  84.755  H  I5.27. 

The  Raman  spectrum  [je]  of  5,5,5-trimethylheptane  disclosed  a  frequency  of 
1227  (1.5),  typical,  according  to  Stepanov  [13],  of  hydrocarbons  with  a  quaternary 
carbon  atom,  which  is  in  good  agreement  with  the  values  of  the  wholly  symmetrical 
frequencies  718  (4.5)  and  75O  (8)  present  in  the  spectrum. 

Literature  data:  Drake  and  Welsh  [i4]  have  described  the  conversion  of 
methylisopropylcarblnol  the  action  of  sulfuric  acid  upon  a  mixture 
of  olefin  hydrocarbons,  hydrogenation  and  fractionation  of  which  resulted 
in  the  recovery  of  a  paraffin  hydrocarbon  with  a  b.p.  of  159.2"  (767  mm); 

1.4208;  df®  0.7516.  Johnson  [is],  using  tertiary  amyl  alcohol  as  the 
original  alcohol  and  the  same  series  of  reactions,  recovered  a  paraffin 
hydrocarbon  with  a  b.p.  of  I56.8®;  n5°  1.4178  and  df®  0.7450.  The  authors 
attributed  the  structure  of  5,5,5-'trimethylpentane  to  these  hydrocarbons. 

Reaction  of  5-Bromo-3 i5-dimethyl-5-heptene  with  Ethylmagnesium  Bromide 

Br 

I 

CH=C-C2H5  +  C2H5MgBr  - ^  C2H5 

I  II 

CR3  CH3  CR3  CH3 

The  reaction  of  5-l3romo-5,5-dimethyl-5-heptene  with  ethylmagnesium  bromide 
was  carried  out  in  the  same  manner  as  described  above.  It  produced  5,5-dimethyl- 
-5-ethyl-5-heptene  (51^  of  the  theoretical  yield),  possessing  the  following 
constants: 

B.p.  175-175^5*  (740  mm);  n^o  l.44o8;  d|°  0.77715  MRq  52.45. 

Cjj^H22  r*  Computed:  MRj)  52,55. 

•  3.095  mg  substance;  I5.957  mg  CO25  6.58O  mg  H2O. 

4.488  mg  substance;  14.055  mg  CO25  5*010  mg  H2O. 

Found  C  05.43,  05*44;  H  14.45,  14.46. 

C11H22.  Computed  C  85. 6O;  H  l4.40. 

3,5-Dimethyl-5-ethyl-5“heptene  has  not  been  described  in  the  literature. 

The  original  mixture  of  diene  hydrocarbons  (35^  by  weight  of  the  quantity  of  these 
hydrocarbons  used  for  the  hydrobromination  reaction)  was  a  by-product  of  the  re¬ 
action. 

Ca^lytic  hydrogenation  of  5 ,5-dimethyl-5-ethyl-5-hepten^  Hydrogenation 
of  the  synthesized  alkene  over  nickel  on  alumina  (under  the  conditions  described 
above)  resulted  in  synthesis  of  5,5-dlmethyl-5-ethylheptane,  not  previously  des¬ 
cribed  in  the  literature,  which  possessed  the  following  constants; 

B.p.  179-179.5"  (748  mm);  ng°  1.4285;  d|°  O.7628;  MRjj  52.85. 

C11H24.  Computed:  MRjj  55.0. 


C2H5 

C-CH=C-C2H5 
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5.670  my  oubctunco:  17.550  mg  CO^jJ  y.dJO  mg  H^O. 

6.185  mg  substance;  19,l45  mg  CO2J  6.565  mg  HgO. 

Found  C  84.42,  84. 4);  H  I5.55,  15*50. 

CiiH24*  Computed  jh:  C  84.6lj  H  15.59* 

The  Roman  spectrum  [le]  of  5>5~dimethyl-5-ethylheptane  exhibited  the  fre¬ 
quencies  1215  (2)  and  1241  (l),  indicating  (according  to  Stepanov  [13])  the  pres¬ 
ence  of  a  quaternary  carbon  atom  in  the  hydrocarbon's  molecule,  which  is  in  good 
agreement  with  the  value  of  the  wholly  symmetrical  frequency  702  (lO)  present  in 
•the  spectrum. 

SUMMARY- 

1.  The  addition  of  one  molecule  of  hydrogen  bromide  to  a  mixture  of  5^5“ 
dimethyl-2, 4-heptadiene  and  its  Isomer,  4-methyl-2-ethyl-l,3-hexadlene,  results 
in  the  formation  of  an  unsaturated  tertiary  bromide,  a  homolog  of  ally!  bromide, 
whose  structure  renders  an  allyl  resd-rEingement  impossible. 

2.  The  reaction  of  this  unsaturated  tertiary  bromide  (5-bromo-3^5”dlmethyl- 

3-heptene)  with  organomagnesium  compounds  may  be  used  as  a  method  of  synthesizing 
little-known  olefin  hydrocarbons,  and  from  them  paraffin  hydrocarbons,  with  a 
quaternary  can-bon  atom:  5^5-dimethyl-5-ethyl-3-alkenes  and  5 >5“dimethyl -5-ethyl- 
alkanes.  .  , 

3.  The  synthesis  of  several  hydrocarbons  of  this  series' has» been  described 
for  the  first  time:  3;5^5-‘trlmethyl-3-heptene;  5^375-trlmethylheptane;  3^5-di- 
methyl-5-ethyl-3-heptene;  and  3,5-diniethyl-3-ethylheptane. 

4.  The  presence  of  a  quaternary  carbon  atom  in  these  hydrocarbons  was  dem¬ 
onstrated  by  oxidizing  one  of  the  alkenes  and  analyzing  the  Raman  spectrum  of 
both  of  the  alkanes. 
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DERIVATIVES  OP  ACETYLENE 


no.  SYNTHESIS  OP  POLYCYCLIC  COMPOUNDS  RELATED  TO  THE  STEROIDS. 


VII.  COMPLETE  SYNTHESIS  OP  THE  ISOMER  OP  15-METHYLANDROSTENONE 
Wim  A  METIIYLCYCLOPENTANE  B  RING 


t  I-N.  Nazarov  and  L.  I.  Shmonina 

Jnetitute  of  Organic  Cbenlstry. '  D6BR  Aoadeay  of  Boienoes 


The  simple  process  for  building  up  polycyclic  compounds  with  angular  methyl 
groups  developed  in  our  laboratory  [i],  which  employs  diene  condensations  of  a,P- 
unsaturated  cyclic  ketones,  makes  possible  the  systematic  synthesis  of  substances 
related  to  the  steroids,  including  compounds  of  the  androsterone  series.  After 
detailed  investigation  of  the  conditions  governing  the  diene  condensation  of  A-- 
cyclohexenones  and  Z^-cyclopentenones  with  the  simplest  dienes- by  this  method, 
our  laboratory  was  the  first  to  effect  the  complete  synthesis  of  the  stereoisomer 
15-methylandrostenone  (l)  and  of  its  structural  Isomer  (ll)  with  a  methylcyclo- 
pentane  B  ring  [2]:  ^  .  pn 


X 


4  staces 


4  stages 


CH3 


CH3  (II) 
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aiio  proHcra  paper  doocrJbco  the  complete  oynthenlo  of  the  tetracyclic  Bter- 
old  kotonea  (ix)  and  (x),  and  of  the  steroid  alcohol  (XI  ,  which  belong  to  the 
B-norandroDtane  eerleo  and  are  Isomers  of  the  corresponding  compounds  of  the  an- 
drostane  series  with  a  methylcyclopentane  B  ring. 

The  entire  process  of  synthesizing  these  steroid  compounds  la  Illustrated 
by  the  following  diagram; 


(XII) 


CHa 

CD 


'CHa 


T 


H2,  Pt 


CHa 


=  0 


200‘ 


To 


oonaensaxion  oi  aivinyi  with  1,5-dimethyl- /y--cyclopentenone  (III)  w, 
effected  in  an  autoclave  at  a  temperature  of  195-200®  for  two  to  three  hours.  : 
minimize  the  butadiene  polymerization  processes  during  the' reaction  a  large  ex- 

^  required  amount  by  weight)  of  the  cyclopentenone  (III)  was 

?ndfn  a  yield  of  some  40^  of  3,8-dimethyl-A5.tetrahydro- 

th^i7n°°^  in  terms  of  the  reacted  cyclopentenone,  was  achieved.  More 

n  170  g  of  the  hydrindanone  (iv)  was  secured  as  the  result  of  several  test  runs. 

th.  foadensing  the  hydrindanone  (iv)  with  acetylene  at  a  temperature  of -70®  in 
Tl  f  tertl^y  potassium. amylate,  resulted  In  a  yield  of  abourSM  of 

3,0-dimethyl-l-ethynyl-AS-tetrahydroindan-l-al  (v)'  which  in  turn  x  «  .;i4 

select^ve^;:yS:“e^:i:ior„^^^f - 

ated  ulih  a  pi  ri  f  alcohol  (V)  is  exhaustively  hydrogen 

ethylhictlndlL?  it  (Xliu  hydrogen  are  absorbed,  and  3,8-dtaethyl-l- 

nyinyorincLan  i-oi  (XIII J,  which  is  recovered  in  two  stereoisomeric 
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f'ormo  (liquid  and  cryota]  ]  ine) ,  io  produced.  Apparently,  the  acetylene  and  vinyl 
alcohols  (V  and  Vl)  are  aloo  produced  in  the  form  of  two  liquid  stereolsomero , 
which  cannot  be  eeparnted  by  fractionation.  When  the  hydrlndanone  (iv)  lo  hydro¬ 
genated  with  a  Pd  catalyst,  one  molecule  of  hydrogen  lo  absorbed,  and  3,8-dlmethy 
hydrlndan-1-one  (XIl)  is  formed. 


The  vinyl  alcohol  (Vl)  lo  readily  dehydrated  by  heating  It  to  150-l60*  with 
powdered  potassium  blsulfate,  yielding  about  60^  of  5,8-dlmethyl-l-vlnyl-A^ 
tetrahydrolndene  (VIl).'  The  latter  condenses  vigorously  with  maleic  anhydride 
even  at  room  temperature  (with  the  evolution  of  heat),  producing  an  almost  quan¬ 
titative  yield  of  the  anhydride  of  9^11“dimetl:^yl-A*^®-octahydrQfluorene-1^2-dl- 
carboxyllc  acid  (XIV),  which’ yielded  the  9,ll-<iimethyl-A^'®-octahydrofluorene-l,2 
dicafbo^QTlic  acid  itself  upon' hydrolysis  and' yielded  the  monomethyl  ester 'of  this 
acid,  (XYl)  or  (XVIl),  when  the  anhydride  (XIV)  was  heated  with  methanol. 


(XVII) 


Dehydration  of  the  vinyl  alcohol  (Vl)  by  Chugaev's  xanthogenate  method  like 
wise  yielded  the  vinyltetrahydroindene  (VIl)  described  above,  with  a  yield  of 
some  which  was  contaminated  by  sulfurous  compounds,  the  identity  of  \diich 

was  proved  by  condensation  with  maleic  anhydride. 

The  vinyltetrahydroindene  (VIl)  also  condenses  fairly  easily  with  1,5-dl- 
methyl-A^-cyclopentenone  (III),  resulting  in  a  yield  of  some  50^  of  the  steroid 
tetracyclic  ketone  (IX).  As  in  other  similar  cases,  this  condensation  reaction 
was  carried  out  with  a  large  excess  (1000^  to  1200^)  of  the  cyclopentenone  (III) 
for  three  to  six  hours  at  a  temperature  of  195“205®.  The  normal  diene  condensa¬ 
tion  product  (VTIl)  that  is  formed  in  this  reaction  isomerizes  under  the  reac¬ 
tion  conditions,  the  double  bond  in  the  tetracyclic  ketone  (ix)  being  shifted  as 
had  been  previously  observed  in  our  laboratory  in  other  instances  [2].  When  the 
ketone  (IX)  is  hydrogenated  with  a  Pt  catalyst,  only  one  molecule  of  l^drogen  is 
absorbed,  resulting  in  the  formation  of  a  steroid  tetracyclic  ketone  (X) ,  which 
is  transformed  into  the  steroid  tetracyclic  alcohol  (XI )  when  it  is  reduced  by 
sodiimi  in  absolute  propyl  alcohol.  Compounds  (IX,  X,  and  Xl)  are  Isomers  of  the 
respective  androstane  compounds  (androstandienone,  androstenone,  and  androstenol ) 
with  a  methylcyclopentEine  ring  B.  According  to  the  previously  established  rules 
of  cis  addition  in  a  diene  synthesis,  the  compounds  (IX,  X,  and  Xl)  ought  to  have 
a  cis  configuration  at  the  points  where  the  A  —  B  and  C  —  D  rings  are  Joined  to¬ 
gether  . 

Apparently,  the  synthesized  tetracyclic  ketone  (ix)  is  not  homogeneous, 
since  it  yields  a  mixture  of  2,4-dinitrophenylhydrazones :  it  may  contain  the 


iGCn.erlc  tetrucyrllc  ketone  (XXIV)  with  a  din’crent  orientation  of  the  cyoJopen- 
tane  ring  I).  In  thin  connection,  It  io  worthy  oT  note  that  the  otcrold  dlkctonrs 
(l  and  11 )” produced  in  nn  analogous  manner  are  homogeneous  and,  hence,  their 
diene  condensations  proceed  in  only  one  direction. 

Wlien  the  cyclopentenone  (III)  la  oxidized  by  selenium  dioxide  in  acetic 
acid,  we  get  about  of  l,3-dlmethyl-A^-cyclopentene-4,5-dlone  (XVIIl),  which 
can  be  condensed  even  more  readily  with  1,3-diene  compounds  [3].  When  the  cyclo- 
pentenedlone  (XYIIl)  is  heated  (to  I60®)  with  dlvlnyl  in  a  dloxane  solution,  we 
get  a  yield  of  about  50^  of  3;8-dimethyl-A^-tetrahydrolndan-l,2-dione  (XIX),  which 
probably  exists  In  the  enol  form  (XX),  which  consists  of  colorless  crystals  that 
yield  an  Intense  color  reaction  with  ferric  chloride; 

pHa 


CSq 

(XVIII) 


Hz,  Pd  , 


CH3 

cy: 


=0 

=0 


(XXI) 


CH3 


When  the  dione  (XIX  ^  XX )  is  hydrogenated  with  a  Pd  catalyst,  one  mole- 


is  absorbed  and  5^8-dimethylhydrindan-l,2-dione  (XXl)  is  formed, 
which  also  exists,  in  all  p^bability,  as  its  enollc  form  (XXIl),  although,  like 
the  unsaturated  dione  (XIX  ^  XX) ,  it  yields  a  bis-dinitrophenylhydrazon^ 

In  keto-enol  ^snsformations  were  studied  In  detail  In  our  laboratory 

ex^ples  [4  .  The  cyclopentenedlone  (XVIIl)  also  condenses  readily  with 
vlnylhydrindene  (VIl)  In  anhydrous  benzene  at  100“  '  — 

racycllc  steroid  dilretune'iXXIIl) ; 

cn  ♦ 


’,  yielding  the  crystalline  tet- 


CEq  ' 

(YII) 

lor  of  polycycllc^c^po^ds  that^cOnLi^a^^^tb^^^^l®®  investigate  the  b’ehav 
lar  methyl  group  in  dehydrogeLtlon  reactionr 

reactions  could  be  used  to  Identify  the  ascertaining  whether  these 

As  might  have  been  expected,  3,8-dlmethvl  referred  to  above, 

lly  reduced  in  a  Clemmensen  reduct ft (IV)  is  read- 
the  selenium  dehydrogenation  of  which  at  340"™°  -tetrahydroindan  (XXV), 

the  flve-membered  ring  and  formation  of  r,  accompanied  by  rupture  of 

lal  Isomerization  of  the  flve-membered  • 

the  formation  of  naphthalene:  ®  ®  slx-memhered  ring,  resulting  In 


914 


n- 

nca 


:h 

:lo- 

i^C 

'lilch 

at 


B 


-d, 

ke 


Iv 


At  the  present  time  xe  are  using  diene  condensation  with  a, p -unsaturated 
cyclic  ketones  to  effect  the  systematic  synthesis  of  all  sorts  of  steroid  compounds, 
including  their  heterocyclic  analogs,  containing  oxygen,  sulfur,  and  nitrogen. 

EXPERIMENTAL 

,  The  1,3 -dimethyl- A^-cyclopentenone  (ill)  used  in  our  diene  condensation  re¬ 
actions  was  prepared  by  cycllzlng  allyl  Isopropenyl  ketone j  it  had  the  following 
constants!  b.p,  163-I65®}  n§°  1.4660,  [s]. 

'  l,3-dlmethyl-A^-cyclopentene-4,5-dlone  (XVIIl)  was  synthesized,  as  described 
previously  [‘4),  by  oxidizing  1,5-dlmethyl-A^-cyclopentenone  (III)  with  selenium 
dioxide;  it  had  a  m.p.  of  63-64®, 

Condensing  1, 3-dimethyl -A^-cyclopentenone  with  divinyl.  A  mixture  of  385  g 
of  1,3-dimethyl-A-^-cyclopentenone  (ill),  95  6  of  dlvlnyl,  and  2  g  of  pyrogallol 
was  heated  in  a  stainless-steel  autoclave  to  195-200®  for  two  and  a  half  hours  in 
an  atmosphere  of  nitrogen.  Vacuum  fractionation  of  the  reaction  mixture  yielded 
347  g  of  the  original  cyclopentenone  and  17*5  g  of  3^8-dimethyl-A^-tetrahydrolnd- 
an-l-one  (iV),  with  a  b.p.  of  92-95°  at  8  mm;  n§°1.4870.  A  total  of  I70  g  of  the 
tetrahydroindanone  (IV)  was  synthesized  in  this  manner.  The  synthesized  3^8-di- 
methyl-A^-tetrahydroindan-l-one  is  a  colorless,  rather  mobile  liquid  with  the 
odor  of  camphors 

B.p.  90-92®  at  7  mm;  ng°  1.4875;  O.9812;  MRd  48.11. 

CnHioO.  Computed!  MRp  48.14. 

4.620  mg  substance:  13.600  mg  CO2;  4.135  mg  HgO. 

4,570  mg  substance:  I3.5OO  mg  CO2;  4.050  mg  H2O. 

Found  C  8O.33,  80.6I;  H  10.00,  9,91. 

CiiHieO.  Computed  C  80.48;  H  9*76. 

The  semlcarbazone  fused  at  217-218®  with  decomposition  after  recrystalliza¬ 
tion  from  ethanol. 

3.280  mg  substance:  0,542  ml  N2  (20®,  745  mm). 

3.970  mg  substance;  O.66I  ml  N2  (22®,  746  mm). 

Found  N  I8.87,  I8.89. 

C12H19ON3.  Computed  N  19*00. 

Hydrogenating  3 ,8-dimethyl-A^-tetrahydroindan-l-one.  3.I  g  of  the  tetra- 
hy dr o Indanone  ( IV )  wa s  hydrogenated  in  10  ml  of  ethanol  with  platinum  as  a  cat¬ 
alyst.  It  absorbed  O.5  liter  of  hydrogen  (l  mol).  Fractionation  yielded  2.6  g 
of  3,8-dimethylhydrindan-l-one  (XIl)  as  a  colorless,  rather  mobile  liquid  with 
the  odor  of  camphor;  -  .  ' 

B.p.  66-68®  at  2  mm;  ng°  1.4737;  cl|°  O.9625;  MRg  48.45. 

CiiHisO.  Computed:  MRj)  48. 61. 

4,01  mg  substance;  11. 65  mg  Ct)2;  5*83  mg  H2O. 

Found  79*4;  H  10. 7 

CiiEieO.  Computed  C  79*5;  H  10,8. 
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Tho  BPmlrnrbazone  fuooa  at,  aiY-SlO”  with  docompooltlon  after  recryatalllza. 
tlon  from  ethanol; 

.  5*597  Bubotance:  0.570  ml  Ng  (20* 

2.594  mg  substance;  0.425  ml  N2  (22* 

Found  N  l8.49,  18.45* 

Ci2R2i0N3.  Computed  N  I8.85. 

A  test  sample  mixed  with  the  semlcarbazone  of  tetrahydroindanone  (iv)  fused 
at  211-215*  with  decomposition. 

ront^ensing  ^ .8-dlmethyl*A^-tetrahydroindan-l-one  vitlt  acetylene.  A  solu¬ 
tion  of  72  g  of  the  ketone  (IV)  in  I50  ml  of  absolute  ether  was  saturated  with 
acetylene  for  55  minutes  at  a  temperature  of  -70*'  (chilling  with  dry  ice).  Then 
a  mixture  of  500  ml  of  absolute  ether  with  a  100^  excess  of  tertiary  potassium 
amylate  (55  g  of  metallic  potassium  was  dissolved  in  200  g  of  tertiary  amyl  alco¬ 
hol)  was  added  in  the  course  of  an  hour,  with  constant  stirring  and  the  constant 
passing  of  acetylene  through  the  reaction  mixture,  to  the  ethereal  solution  at 
-70®.  After  the  potassium  amylate  had  been  added,  acetylene  was  passed  through 
for  seven  hours  at  -70®,  £ind  the  mixture  was  set  aside  to  stand  for  12  hours  at 
this  temperature.  The  next  day  the  acetylene  was  passed  through  for  another 
three  and  a  half  hours  at  room  temperature.  The  product  was  treated  with  water 
(70  ml),  the  ether  layer  was  separated,  the  aqueous  layer  was  extracted  with 
ether,  and  the  ether  solution  was  neutralized  with  acetic  acid  and  desiccated 
with  sodium  sulfate.  After  the  ether  had  been  driven  off,  the  product  was  dis¬ 
tilled  in  vacuum.  This  yielded  56  g  of  5,8-dimethyl-l-ethynyl-A®-tetrahydroin- 
dan-l-ol  (V)  as  a  thick  colorless  liquid  with  a  characteristic  odor,  which  formed 
a  copious  precipitate  with  ammoniacal  silver  nitrate, 

B.p.  88-90®  at  4  mmj  n^®  I.5IO1 

CiaHisO.  Computed:  MRd  56.89. 

-  4.720  mg  substance;  14.157  mg  CO2;  4.107  mg  H2O. 

6.560  mg  substance:  19.627  mg  CO2;  5.640  mg  H2O. 

Found  C  81.85,  81.65;  H  9*75,  9*62. 

C13H18O.  Computed  C82.1;  H  9.47. 

Hydrogenating  5 ,8-d^ethyl-l-ethynyl-A^-tetrahydroindan-l-ol  (v).  2  g  of 

acetylenic  alcohol  (V)  was  hydrogenated  with  a  platinum  catalyst  in  10  ml  of 
ethanol.  It  absorbed  749  ml  of  hydrogen  (5  mols).  Fractionation  yielded  I.5  g 

°lo^'  ,  (XIII),  with  a  b.p.  of  89-91.5“  at  4  mm; 

nj)  1.4870.  Part  of  the  synthesized  5,8-dimethyl-l-ethylhydrindan-l-ol  crystal¬ 
lized  within  a  day  after  being  kept  in  a  vacuum  exsiccator  above  phosphoric  an- 
hy^ide.  The  large  transparent  crystals  were  aeparated  from  the  liquid^  washed 
with  anhydrous  ether,  and  analyzed. 

5.710  mg  substance:  10. 799  mg  CO2;  4.152  mg  H2O. 

Found  C  79. H;  H  12.52. 

C13H24O.  Computed  C  79.59;  H  12. 25. 

was  amuieran/u^e'sf  analy"d!'“" 

3.855  mg  substance:  11.220  mg  CO2;  4.165  mg  H2O. 

Found  C  79.1+5;  H  12.08. 

C13H24O.  Computed  C  79.59;  H  12  25 

=sastas~?s^^ 


d|°  1.0114;  MRd  56.19. 
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^  J^O  ml  of  hydrogen  (l  mol)  had  been  Qboorbcd4  After  Ihe  ether  had  been  driven 
off,  the  product  vac  distilled  in  vacuum.  This  yielded  55  g  of  5,8-dlmethyi-l- 
vlnyl-A^-tetrahydrolndan-l-ol  (Vl),  a  colorless  thick  liquid  with  a  slight  odor: 

B.p.  78-80*  at  ^  mm  •  1  cine;c;.  »i20 


CisH^oO*  Computed;  MRjj  58.45 


.2.5  mmj  ng°  1.5055J  dj®  0. 98555  MR^  57.86. 
led:  MRn  58.45. 


4,021  mg  substance;  12.009  mg  CO2J  5.85O  mg  H2O. 
4.774  mg  substance:  14.219  mg  CO25  ^.6l0  mg  H2O. 

Found  C  8I.5O,  81.5O;  H  10.66,  10. 80. 

C13H20O.  Computed  C  81.25 j  H  10.42, 


Dehy^ating  5,8-dlmethyi-l-vinyl^^-tetrahydrolndan-l-ol.  8  g  of  the  vinyl 
alcohol  (VI )  and  5-5  6  of  finely  pulverized  anhydrous  potassium  bisulfate  were 
placed  In  a  Claisen  distilling  flask.  The  mixture  was  heated  for  one  hour  to 
I5O-I6O®  in  a  8O-IOO  mm  vacuum,  and  then  all  the  product  vas  driven  off  In  a  10- 
mm  vacuum,  desiccated  with  calcium  chloride,  and  redistilled.  This  yielded  5.5 
g  of  5^8-dimethyl-l-vinyl-A^-tetrahydrolndene  (YIl),  a  colorless,  mobile  liquid 
with  a  slight  odor; 

B.p.  73-74*  at  4  mmj  ng®  I.506O;  d|o  O.917;  MR^  56.48. 

C13H18.  Computed;  MRj)  56.45. 

4.510  mg  substance;  14.095  mg  CO25  4.085  mg  H2O. 

^  4.570  mg  substance;  14.972  mg  CO2;  4.519  mg  H2O. 

Found  C  89.22,  89.4lj  H  10. 60,  10. 57. 

CiaHie*  Computed  C  89.655  H  10. 55. 

Condensing  5 ,8-diaethyl-l-vinyl-A^^^-tetr^ydroindene  with  maleic  anhyd¬ 
ride.  1,5  g  of  the  vinyl  tetrahydroindene  (VIl)  and  I.I5  g  of  maleic  anhydride 
were  placed  in  a  glass  ampoule.  The  reaction  was  very  rapid,  with  the  evolution 
of  considerable  heat.  It  was  completed  by  heating  the  mixture  with  I.5  ml  of  an¬ 
hydrous  benzene  for  three  hours  in  a  sealed  ampoule  over  a  boiling  water  bath. 

The  mass  crystallized  when  it  cooled.  The  crystals  of  9^ ll-<iimethyl-A■^^®-octahyd- 
^ofluorene-l,2-dicarboxylic  acid  anhydride  (XIV)  were  recrystallized  twice  from 
petroleum  ether,  after  which  they  fused  at  125-126*. 

'  4.650  mg  substance;  12.8l4  mg  CO25  5.145  mg  H2O. 

Found  C  75.20j  H  7.57. 

C17H20O3.  Computed  C  75.0^5  H  7.36. 

Synthesis  of  95ll-^imethyl-A'*^^-octahydrofluorene-l,2-dicarboxylic  acid. 

0.2  g  of  the  anhydride  (XIV)  was  boiled  with  10  ml  of  distilled  water  for  two 
hours.  Recrystallization  from  petroleum  ether  yielded  9^11-dimethyl-A^^®-octa- 
hydrofluorene-l,2-dicarboxylic  acid  (XV)  as  colorless  crystals  that  fused  at  l64- 
165*  with  decomposition. 

2,700  mg  substance;  6,941  mg  CO25  1.906  mg  H2O. 

5.060  mg  substance;  7.873  mg  CO25  2.120  mg  H2O. 

Found  ioi  C  70.16,  70.215  H  7.88,  7.75. 

C17H22O4.  Computed  C  70.34;  H  7*59. 


The  acid  was  entirely  Insoluble  in  water.  Titrating  it  in  alcohol  yielded 
the  following  results; 


4.335  mg  substance;  2.85  ml  O.OIN  KOH. 

4.595  mg  substance;  5. 10  ml  O.OIN  KOH. 

Found;  M  306,  296. 

C17H22O4 .  Computed;  M  290. 

Synthesis  of  the  monomethyl  ester  (XVl)  or  (XVIl).  0.2  g  of  the  anhydride 
(XIV)  was  boiled  with  10  ml  of  absolute  methanol  for  two  hours.  After  part  of 
the  methanol  had  been  boiled  away,  the  colorless  crystals  of  the  monomethyl  ester 
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(xvj)  cr  (XVll)  ueltlei  out)  they  fuijcd  at  127-120'*. 

3.I414  mg  oubotance;  8.89^^  mg  COs;  2.U65  mg  HgO. 

4.930  mg  substance;  12.889  mg  COgj  3.640  mg  HgO. 

Found  C  71.11,  71-3^;  H  8.O8,  8,25. 

C10H24O4.  Computed  C  71 *03)  H  7.89. 

Titrating  the  monomethyl  ester  In  alcohol  yielded  the  following  results. 

5,590  mg  substance:  1.88  ml  0.01  N  KOH. 

5.830  mg  substance;  2.02  ml  0.01  N  KOH. 

Founds  M  297,  291. 

C18H24O4.  Computed;  M  304. 

Dehydrating  l-vlnyl-3 .8-dlmethyi-A^-tetrahydrolndan-l-ol  by  Chugaev’s  xan~ 
thogenate  method.  O.5  g  of  metallic  potassium  was  added  in  small  batches  to  a 
solution  of  2.2~g  of  the  vinylic  tetrahydroindanol  (Vl)  in  10  ml  of  absolute  xylene. 
After  no  more  hydrogen  was  evolved,  the  mixture  was  placed  In  a  small  flask  fitted 
with  a  reflux  condenser,  closed  by  a  tube  containing  calcium  chloride  and  soda  lime, 
and  heated  to  I25®  for  two  hours.  1.6  g  of  anhydrous  hydrogen  sulfide  was  added 
drop  by  drop  to  the  mixture,  decanted  from  the  unreacted  potassium  and  diluted 
with  10  ml  of  ether.*  The  pasty,  yellowish  mass  was  heated  for  an  hour  until  the 
ether  boiled  gently,  after  which  2.5  g  of  methyl  iodide  was  added,  and  heating 
was  continued  for  two  more  hours. 

After  filtration  of  the  potassium  iodide  precipitate,  the  mixture  was  distillei 
(5  mm  and  a  bath  temperature  of  l80-200“)  after  the  solvent  had  been  driven  off 
(no  cleavage  occurs  at  a  lower  temperature).  This  yielded  1.0  g  of  a  substance 
(b.p.  85-85*  at  5  ^5°  1.55^8)  in  the  form  of  a  yellow  liquid  with  an  unpleas¬ 

ant  odor.  After  redistillation,  the  substance,  which  is  vinyltetrahydroindene 
(VII )  contaminated  with  sulfurous  compounds,  boiled  at  80-82“  at  5  nim;  n5°  1.5537. 

0.8  g  of  this  fraction  and  O.5  g  of  maleic  anhydride  were  heated  in  2  ml 
of  anhydrous  benzene  for  one  hour  in  a  sealed  ampoule  to  l40“,  after  which  crys¬ 
tals  began  to  settle  out  of  the  hot  solution.  Upon  cooling  all  the  contents  of 
the  ampoule  solidified.  This  yielded  1.0  g  of  crystals,  which  fused  at  126-127. 5** 
after  being  recrystallized  from  a  mixture  of  benzene  and  petroleum  ether.  A  test 
sample  mixed  with  the  9,ll*-dimethyl~A^^®-oct£diydrofluorene-l,2-dicarboxylic  acid 
anhydride  (XIV)  described  above  exhibited  no  depression.  Henceforth  the  vinyl 
alcohol  (Vl)  was  always  dehydrated  with  potassium  bisulfate. 

Condensing  3>8-dimethyl-l-vinyl-A^^^-tetrahydroindene  with  1 ,3-dimethyl -A  ^ 
cyclopentenone.  A  mixture  of  5  g  of  the  vinyltetrahydroindene  (VIl)  and  59  g 
of  1, 3-dimethyl -A^-cyclopentenone  (ill)  was  heated  for  six  hours  to  198-200“  with 
pyrogallol  in  a  metallic  ampoule.  Fractionation  of  the  mixture  in  vacuum  recov¬ 
ered  55  6  of  the  cyclopentenone  (ill)  euid  yielded  2.6  g  of  the  tetracyclic  ster¬ 
oid  ketone  (ix),  which  is  a  thick  yellow  liquid  with  a  slight  odor. 

fi.p.  162-165“  at  5  mm»,  ng°  1.5321',  d|°  1.034>  MRt)  85. 11. 

C20H28O.  Computed;  MRp  84.84. 

10.85  mg  substance;  33. 51  mg  CO25  9.50  mg  H2O. 

9.87  mg  substances  30.49  mg  CO2;  8.44  mg  H2O. 

Found  C  84.29,  84.3O5  H  9.77,  9.57. 

C20H28O.  Computed  C  84,50;  H  9.89. 

Prior  to  analysis  the  product  was  kept  in  a  vacuum  .exsiccator  for  two  days 
over  phosphoric  anhydride. 

pie  2,4-dlnitrophenylhydrazone  of  the  synthesized  steroid  ketone  (ix)  pre- 
”  first  the  high-melting  part,  and  then  -  from  the  mother 
This  was  Bcccoiraaied  hy  theevolutlcn  of  considen^le  heat. 


T  liquor  -  the  low-mcltlng  part.  After  rocryctalllzation  from  methanol,  the  low- 
melting  part  fuoed  at  124-125'*  with  decorapooltlon, 

4.478  mg  oubotance:  O.58O  ml  N2  (25®,  755  mm). 

^•545  mg  Eubotance;  O.665  ml  Ng  (2)*,  752  mmK 
Found  N  l4.80,  I6.69. 

I  026^-3204^4.  Computed  N  12. 07. 

I  j 

f  i  After  recrystalllzatlon,  the  high-melting  part  of  the  product  fused  at  224- 

225*  with  decomposition. 

I  5*450  mg  substance:  O.45O  ml  N2  (23®,  75O  mm). 

I  Found  N  14.84. 

I  C20H32O4N4.  Computed  N  12.07 . 

There  remained  still  another  part  of  the  substance,  which  had  not  dissolved 
in  the  methanol  and  fused  at  a  temperature  above  3OO®  with  decomposition. 

!  3-230  mg  substance:  0.417  ml  N2  (24®,  733  mm), 

i  '  3.370  mg  substance:  0.455  ml  N2  (23®,  733  mm). 

!  Found  N  l4.31,  15,01. 

i  C26Ba204N4.  Computed  jo:  N  12,07. 

I  Thus,  analysis  of  all  the  three  samples  of  the  dinltrophenylhydrazones  gave 

'  poorly  reproducible  results,  with  a  much  higher  percentage  of  nitrogen  than  was 
I  called  for  by  theory. 

f 

j  This  anomaly  in  the  dlnitrophenylhydrazones  of  the  polycyclic  ketones  has 

'  been  observed  in  our  laboratory  in  a  number  of  other  instances  as  well  [6], 
and  the  cause  of  this  phenomenon  is  as  yet  unknown.  Perhaps  some  of  the  poly¬ 
cyclic  ketones  of  the  steroid  type  and  their  dinltrophenylhydrazones  form  stable 
j  molecular  compounds  with  dinitrophenylhydrazine,  which  would  explain  the  observed 
discrepancies  in  their  analysis. 

!  Hydrogenating  the  tetracyclic  steroid  ketone  (ix).  2,2  g  of  the  steroid 

i  ketone^ dO  vas  hydrogenated  with  a  platinum  catalyst  in  10  ml  of  absolute  dlox- 
ane.  176  ml  of  hydrogen  (l  mol)  was  absorbed.  Fractionation  yielded  I.5  g  of 
a  tetracyclic  steroid  ketone  (x)  as  a  viscous  liquid; 

B.p.  158®  at  4  mmj  ng°  1.5225j  d|°  I.O335  MRjj  84.51. 

C20H30O.  Computed:  MRj)  85. 30.  .  ' 

9-95  mg  substance:  30,44  mg  CO2}  9-10  mg  H20^ 

16.48  mg  substance:  50-39  mg  CO2;  15-12  mg  H2O. 

Found  C  83-74,  83-555  H  10.23,  10.26. 

I  C20H30O.  Computed  C  83.9I5  H  10.4. 

Prior  to  analysis  the  product  was  kept  above  phosphoric  anhydride  in  a 
vacuum  exsiccator  for  three  days. 

The  2,4-dinitrophenylhydrazone  of  the  steroid  ketone  (x)  fused  at  200-202® 
(with  decomposition)  after  it  had  been  recrystallized  from  methanol. 

2.200  mg  substance;  0.259  ml  N2  (23®,  750  mm). 

Found  N  13-40. 

C2^3404N4.  Computed  N  12.00. 

Reducing  the  tetracyclic  steroid  ketone  (x).  1.9  g  of  the  tetracyclic  ster- 

i  old  ketone  (X)  was  reduced  in  55  mi  of  absolute  propyl  alcohol  with  5  g  of  metal¬ 
lic  sodium.  The  usual  treatment  and  vacuum  distillation  of  the  product  yielded 
1.5  g  of  a  tetracyclic  steroid  alcohol  (Xl)  as  a  viscous  liquid  with  a  b.p.  of 

.  167-170®  at  5  mm. 
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11.17  oubolaricc;  ^h.oU  niR  COp}  11.0^  mg  H;>0. 

12.50  mg  oubotanco:  57*^0  mg  COgj  12. 5^*  nig  H^O. 

Found  C  85.17,  85.50*,  H  11. 07,  11.55. 

C2oH320*  Computed  C  88.55}  H  11.11.  ' 

O.25UO  mg  Bubotance:  19.6  ml  CH4  (22",  7^5  mm). 

0.1910  mg  Bubotnnce;  12.5  ml  CH4  (19*,  750  mm). 

Found  OH  5.^5,  5-55. 

.  C20H31OH.  Computed  OH  5.9. 

Condensing  1 ,5-dlmethyl~A^-c.yclopentene-U  ,5-dlone  with  dlvlnyl^  ^  f 
the  dlone  (xvill)  ^d  20  g  of  dlvlnyl  were  dissolved  in  absolute  dioxane  and  heated 
for  six  hours  in  a  metallic  ampoule  to  I58-I62" .  The  mass  that  remained  after 
the  dioxane  had  been  driven  off  crystallized.  Recrystallization  from  ethyl  alco¬ 
hol  yielded  2.5  g  of  the  colorless  crystals  of  5,8-dimethyl-A®-tetrahydrolndane- 
-1,2-dlone  (XIX  ^  XX)  with  a:  m.p.  of  125-126". 

•  4.450  mg  substance:  12.085  mg  CO2J  5.170  mg  H2O. 

‘  4.997  mg  substance:  I5.587  mg  CO2;  5.510  mg  H2O. 

Found  C  74.10,  7^.20;  H  7.97,  7.85. 

C11H14O2.  Computed  C  74.10)  H  7.86. 

The  substance  colored  a  solution  of  ferric  chloride  bright  violet.  Its  di- 
'  nltrophenylhydrazone  fused  at  225-226"  with  decomposition  after  it  had  been  re¬ 
crystallized  from  ethyl  alcohol. 

2.979  mg  substance:  O.512  ml  N2  (25®,  746  mm). 

5.600  mg  substance:  0.6l2  ml  N2  (26",  "JhS  mm). 

Found  N  19.55,  19.55. 

'  C23H2208Na.  Computed  N  20.82.  ' 

C17H18O5N4.  Computed  I6.59. 

Hydrogenating  5>8-dlmethyl-A^-tetrahydroindane-l,2-dlone.  1  g  of  the  dione 
(XIX  XX )  was  hydrogenated  with  a  platinum  catalyst  in  50  ml  of  absolute  ether. 

110  ml  of  hydrogen  (l  mol)  was  absorbed.  Recrystallization  from  petroleum  ether 
yielded  O.9  g  of  the  colorless  crystals  of  5,8-dlmethylhydrlndane-l,2-dlone 
(XXI  XXII)  with  a  m.p.  of  104-104.5". 

10.27  mg  substance;  27.51  mg  CO2)  8.55  mg  H2O. 

12.52  mg  substance;  55.0^  mg  CO2;  9.88  mg  H2O. 

Found  C  75.10,  75.18)  H  9. 10,  8.99. 

C11H16O2.  Computed  5^:  C  75.50)  H  8.88. 

The  2,4-dlnitrophenylhydrazone  fused  at  about  200"  with  decomposition  af¬ 
ter  it  had  been  recrystallized  from  ethyl  alcohol. 

5.580  mg  substance:  O.655  ml  N2  (24",  747  mm). 

5.815  mg  substance:  O.685  ml  N2  (25",  746  mm). 

Found  N  20. 60,  20.20. 

C23H2408N8.  Computed  N  20.74. 

Condensing  5,8-dlmethyl-l-vinyl-A^*^-tetrahydrolndene  with  l,5-d3methyl- 
"■h'~cyclopePtene-4 ,5-dlone .  I.5  g  of  the  vinyltetrahydroindene  (vil)  and  1  g  of 

the  cyclopentenedione  (XVIII )  were  dissolved  in  2.5  g  of  absolute  benzene  and 
heated  for  six  hours  in  a  metallic  ampoule  over  a  boiling  water  bath.  After  the 
benzene  had  been  driven  off,  what  was  left  was  a  sticky  mass,  which  was  dissolved 
solution  yielded  0,7  g  of  the  crystals  of  a  tetracyclic  diketone 
(XXIII;,  which  fused  at  I65-I67®.  after  it  had  been  recrystallized  from  ethanol. 

4.420  mg  substance;  I5.069  mg  CO2)  5.56O  mg  H2O. 

4.500  mg  substance;  15.528  mg  CO2)  5.675  mg  H2O. 

Found  C  80.70,  80.84)  H  8.94,  9.15.  , 

C2oH2e02.  Computed  C  8O.55)  H  8.75.  •  I 
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Hcdiic1nt»  ^  j6-d1mr‘t.hy] -A^-tcirutiydrolndan-] -one  by  the  Clemmonoon  method. 

A  solution  of  ^  g  of  dimcthyltotruiiydroindnnone  (iV)  in  2^  ml  of  ethyl  alcohol 
was  added  In  small  batches,  In  the  course  of  two  hours,  to  a  boiling  mixture  of 
5  ml  of  water,  5  nil  ethyl  alcohol,  15  ml  of  concentrated  hydrochloric  acid, 
and  zinc  amalgam,  prepared  from  15  g  of  granulated  zinc  and  I.5  g  of  mercuric 
chloride.  Then  the  mixture  was  heated  to  boiling  for  8  hours.  During  this  time 
10  ml  of  concentrated  hydrochloric  acid  was  added  in  separate  batches.  The  mix¬ 
ture  was  diluted  with  I5  ml  of  water  and  extracted  with  etherj  the  ether  extract 
,i  was  desiccated  with  magnesium  sulfate,  and  the  ether  was  driven  off.  Distllla- 
tion  yielded  U.3  g  of  5,8-dlmethyl- A^-tetrahydrolndane  (XXV)  with  a  b.p.  of  44- 
'47*  at  8.5  mm;  n5°  1.4674, 

Dehydrogenating  3 >8-dlmethyl-A^-tetrahydrolndane  with- selenium.  4.3  g  of 
the  tetrahydrolndane  (3ocv)  and  5  g  of  powdered  selenium  were  heated  to  340-350° 
for  five  hours  In  a  sealed  ampoule.  When  the  ampoule  was  opened,  hydrogen  selen- 
Ide  was  liberated  copiously.  The  mixture  was  extracted  with  benzene,  and  the 
benzene  solution  was  washed  with  60^  sulfuric  acid,  water,  and  10^  caustic  soda, 
and  desiccated  with  magnesium  sulfate.  Fractionation  over. metallic  sodium  yielded 

Fraction  1:  b.p.  95-98°  ab  35  mm;  n5°  I.5OO2,  2.2  g. 

Fraction  2:  b.p.  73-78°  at  6  mm;  0.4  g.  ‘ 

The  first  fraction,  which  was  o-methyllsopropylbenzene  [v],  boiled  at  I76- 
177°  at  atmospheric  pressure  after  being  redistilled. 

ng°  1.5002;  d|°  0.8744;  MRd  45. 14.  Computed;  44.78. 

5.873  mg  substance;  I9.O3  mg  CO2;  5-53  mg  H2O. 

13.78  mg  substance;  45. 08  mg  CO2;  13*10  mg  H2O. 

Found  C  89.3,  89.3;  H  10.6,  10,6. 

C10H14.  Computed  C  89.5;  H  IO.5. 

The  second  fraction  solidified  in  the  condenser  and  fused  at  79*5°  after 

recrystallization  from  alcohol.  A  test  sample  mixed  with  standard  naphthalene 

exhibited  no  depression. 

SUMMARY 

The  complete  synthesis  of  steroid  compounds  (IX,  X,  XI,  AND  XXIIl),  be¬ 
longing  to  the  B-norandrostane  series  with  a  methylcyclopentane  ring  B,  has  been 
effected  by  means  of  diene  condensations. 
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THE  CONDENSATION  OP  TETRAMETHYLRUTYNEDIOL  WITH  PHENOL 


.  Yu. .  S.  Zalkind*  and  0.  P. ;  Moiseeva 

Laboratory  of  Organic  Chemistry,  A.  I.  Herzen  Pedagogical  institute,  Leningrad 


A  paper  by  one  of  the  present  authors  and  S.G. Kuznetsov  [i]  has  dealt  with 
the  condensation  of  tetraphenylbutynediol  with  phenol  and  with  cresol  [2].  The 
objective  of  our  research  has  been  a  study  of  the  reaction  of  phenol  with  an  acet¬ 
ylenic  glycol  containing  aliphatic  radicals,  namely:  tetramethylbutynediol,  using 
the  same  catalyst,  sulfanillc  acid. 

It  has  been  found  that  tetramethylbutynediol  can  also  condense  with  phenol, 
though  the  reaction  takes  place  under  more  severe  conditions.  Tetraphenylbutyne¬ 
diol,  for  instance,  adds  a  molecule  of  phenol  when  it  is  boiled  with  sulfanillc 
acid  in  a  benzene  solution.  Tetramethylbutynediol  does  not  react  under  these  con¬ 
ditions,  even  when  it  is  heated  for  8  hours.  The  reaction  took  place  only  when 
heating  was  continued  for  6-8  hours  to  158-140®  in  a  xylene  solution,  but  this  in¬ 
volved  considerable  tarring.  Increasing  the  quantity  of  sulfanillc  acid  affects 
neither  the  reaction  rate  nor  the  product  yield,  while  increasing  the  proportion 
Qf  the  phenol  from  0.2  mol  to  0.4  mol  per  0.1  mol  of  the  glycol  increases  the  yield 
of  the  products  of  the  glycol-phenol  condensation. 

'  .  In  a  desire  to  speed  up  the  reaction,  we  made  several  tests  with  a  more  ac¬ 
tive  catalyst,  viz. t  activated  Chasovyarsk  clay.  It  was  found,  however,  that  here, 
too,  heating  to  138-140“  is  required,.,  inasmuch  as  the  reaction  did  not  take  place 
in  boiling  toluene.  As  a  result,  the  yield  of  condensation  products  dropped, 
while  the  quantity  of  tar  rose  to  60-65^. 

The  experiments  were  made  with  the  same  apparatus  that  was  used  in  our  pre¬ 
vious  research,  i.e.,  a  flask  with  a  reflux  condenser  and  a  trap  to  catch  the 
water  evolved  during  the  reaction.  While  the  mixture  was  heated,  about  2  mols 
of  water  were  evolved  per  0.1  mol  of  the  glycol.  This  might  have  pointed  to  the 
formation  of  a  diphenyl  ether  of  the  glycol,  but  analysis  of  the  reaction  products 
indicated  that  the  phenol  is  added  at  the  triple  bond  and  does  not  react  with  the 
glycol's  hydroxyl  groups.  The  evolution  of  one  molecule  of  water  is  due  to  the 
formation  of  a  furan  ring,  while  the  formation  of  the  rest  of  the  water  is  appar¬ 
ently  due  to  the  dehydration  of  the  glycol,  which  gives  rise  to  a  hydrocarbon  —  di- 
methyldivinylacetylene  —  which  is  readily  polymerized.  This  may  also  explain  the 
copious  formation  of  tar.  To  be  sure,  no  water  is  evolved  when  tetramethylbutyne¬ 
diol  is  heated  with  sulfanillc  acid  in  a  xylene  solution  when  no  phenol  is  'pres¬ 
ent,  perhaps  because  the  temperature  of  this  boiling  mixture  is  not  high  enough. 

But  heating  the  xylene  solution  of  tetramethylbutynediol  with  activated  clay  actu¬ 
ally  results  in  dehydration,  and  in  this  experiment  we  were  able  to  recover,  in 
addition  to  the  tar,  some  alcohol  of  the  vinyl-acetylene  series,  produced  from  the 
T 

Deceased. 
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glycol  by  the  epllttlng  out  of  one  molecule  of  writer. 

We  ludged  that  the  reaction  had  come  to  an  end  when  no  more  water  wae  evolv*'4 
The  xylene  flolution  wao  then  decanted  from  the  sulfanlllc  acid,  which  lo  Insoluble 
In  xylene,  and  distilled  with  steam,  after  which  It  was  fractionated.  The  mixture 
can  be  fractionated  at  ordinary  pressure,  but  this  causes  part  of  the  end  products 
to  tor.  A  residue  of  dork  tor  was  left  In  the  distilling  flask,  from  which  we 
were  unable  to  recover  any  definite  product,  except  for  a  minute  quantity  of  the 
unreacted  glycol.  An  oily  layer  floated  above  the  water  In  the  receiver*,  it  was 
distilled  at  reduced  pressure  after  It  had  been  separated  from  the  water.  After 
the  xylene  and  the  excess  phenol  had  been  driven  off,  we  got  two  fractions,  which 
distilled  at  lOS-lll®  and  I28-I3I®  at  8  mm.  Judging  from  their  analyses  and  molec- 
ular  weight,  both  of  these  substances  had  the  formula  Ci4Hi802* 

The  yield  of  the  substance  with  a  b.p.  of  128-151*  at  8  mm  was  I5- 
20^  of  the  theoretical.  It  Is  a  llght-yellowlsh  liquid  with  a  pungent,  character¬ 
istic  odor,  which  is  readily  soluble  in  organic  solvents.  It  is  Insol’ible  in  alk¬ 
alies,  it  decolorizes  bromine  water,  and  it  exhibits  no  reaction  for  a  hydroxyl 
group.  These  properties  led  us  to  assume  that  the  substance  In  question  Is  2,2,- 
5,5-tetramethyl-3-phenoxy-2,5-dihydrofxiran,  which  is  formed  by  the  addition  of 
one  molecule  of  phenol  to  the  triple  bond,  followed  by  the  detaching  of  one  mole¬ 
cule  of  water  and  the  constitution  of  a  furan  ring; 


CHa. 

CH3' 


k[ 

1  N 

OH  '  OH 


-  H2O 


C6H5-0-C=Ctt' 

CHa^l  l/Ha 


This  formula  was  confirmed  by  the  following  experiments.  When  the  unknown 
substance  was  heated  with  hydriodic  acid,  a  molecule  of  phenol  split  away,  as  was 
proved  by  its  conversion  Into  trlbromophenol.  This  corroborated  the  presence  of 
a  phenoxy  group. 

! 

Oxidation  with  potassium  permanganate  yielded  acetic  and  formic  acids,  as- 
well  as  an  oily  liquid  with  a  b.p.  of  120-125®  at  8  mm.  A  large  quantity  of  the 
same  liquid  was  obtained  when  we  oxidized  our  product  with  chromic  anhydride.  It 
did  not  form  a  semicarbazone.  When  it  was  heated  with  10^  caustic  potash,  it 
saponified,  yielding  phenol.  After  the  solution  of  potassium  salts  had  been  evap¬ 
orated  to  dryness,  the  salt  of  the  organic  acid  was  extracted  with  alcohol,  the 
mineral  salts  were  filtered  out,  the  alcoholic  solution  was  evaporated,  and  the 
residue  was  dissolved  in  water.  Precipitation  with  a  saturated  solution  of  lead 
acetate  yielded  a  crystalline  precipitate  of  a  lead  salt  with  a  m.p,  of  266®; 
this  is  the  melting  point  of  lead  tetramethyldiglycolate,  which  was  obtained  by 
Dupont  [3]  during  the  oxidation  of  tetramethylketotetrahydrofuran.  To  prove  the 
identity  of  the  salt  ve, had, obtained  during  oxidation  with  Dupont's  product,  we 
prepared  the  latter;  a  miked  test  sample  of  the  two  salts  exhibited  no  depres- 

melting  point.  Thus,  the  oxidation  of  our  product  may  be  represented 

as  follows; 


H-C= 


‘=C-0CqH5 

I/H3 

CHa^  ^CHa 


CHa^l 


HOOC 

CHa 


jweHs 
5. 


CHa' 


/  s 


C/XH. 


presence  of  a  double  bond,  the  product  was  thoroughly  hydro- 
tn  1“*^  plating.  It  was  found  that  it  readily  adds  two  atoms  of  hyLogen 

duef  2  comes  to  an  end.  The  hydrogenXHro- 

«  .  2,2,5,5-tetramethyl-3-phenoxytetrahydrofuran,  Is  a  colorless  oily  liquid*^ 
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with  a  b.p.  of  at  8  mm. 

Wien  a  chloroform  eolution  of  2,2,5>5-tetramethyl-3-phenoxy-2,5-dlhydrofuran 
Is  reacted  with  bromine  at  0“ ,  two  atoms  of  bromine  are  added,  fairly  easily,  with¬ 
out  tarrlngi  but  the  resultant  dlbromldc  gives  off  one  molecule  of  hydrogen  brom¬ 
ide  at  room  temperatui’C,  tarring  noticeably  as  it  does  so.  We  succeeded  In  re¬ 
covering  a  small  quantity  of  crystals  with  a  m.p.  of  157** ^  whose  composition  was 
that  of  a  monobromide.  It  must  be  assumed  that  the  monobromide  Is  2,2,5>5”^®bra- 
methyl-5-phenoxy-4-bromo-2,5-dlhydrofuran,  formed  as  follows; 

•  Br 

HC=*«CM)C6H5  BrHC - C  BrC^-C-OCeHs 

i  CH3^\q/^CH3  CE^\yXE3  •  CB^/\eq 

0 

The  Instability  of  such  dibromides  has  been  commented  on  previously  [4], 

■  The  other  condensation  product  of  tetramethylbutynediol  with  phenol,  with  a 

’  b.p.  of  108-110*  at  8  mm,  is  a  colorless  oily  liquid  with  a  characteristic  acrid 
'  odor.  It  turns  somewhat  darker  when  stored  for  ^-6  months,  is  readily  soluble  in 
organic  solvents,  and  decolorizes  bromine  water.  Its  Chugaev-Tserevitlnov  reac- 
•  tlon  indicates  the  presence  of  one  hydroxyl  group.  These  results  seem  to  Indi- 
:  cate  that  its  structure  is  that  of  2,2,5,5-tetramethyl-5-hydrox:5henyl-2,5-di- 
hydrofuran.  Oxidation  with  potassium  permanganate  or  with  chromic  anhydride  * 
yielded  acetone  and  formic  and  p-hydroxybenzoic  acids,  which  bears  out  the  form¬ 
ula  2,2,5,5-tetramethyl-5-p-hydroxyphenyl-2,5-dihydrofuran: 


H-C==C-C6H40H 

CHa  I  I  CHa 
y:  c' 

CHa'^  \  /  XHa  - 


HC=0  CO-CsEiOH 


HCOOH,  .HOOCC6H4OH, 
2(CH3)2C0. 


The  results  of  platinum  hydrogenation  also  served  to  confirm  this  formula. 
Two  hydrogen  atoms  were  added  to  the  molecule,  yielding  a  liquid  with  a  b.p.  of 
112-115®  at  8  mm;  2,2,5,5-betramethyl-5-2-hydroxyphenyltetrahydrofuran. 

The  action  of  bromine  upon  the  condensation  product  yielded  a  crystalline 
1  dlbromlde  with  a  total  yield  of  17^,  the  reaction  being  accompanied  by  consider- 
.  able  tarring.  Inasmuch  as  no  hydrogen  bromide  was  evolved  during  the  reaction, 
we  must  attribute  the  structure  of  2,2,5,5-tetramethyl-5-£-hydroxyphenyl-5,4-dl- 
I  bromotetrahydrofuran  to  the  synthesized  dibromide. 

[  EXPERIMENTAL 

i 

'  Condensation  of  tetramethylbutynediol  with  phenol.  7*1  g  of  tetramethyl- 

^  butynediol  To*05  mol),  l6.4  g  of  phenol  (0.2  mol),  0.5  g  of  sulfanillc  acid,  and 
:  60  ml  of  benzene  were  heated  to  boiling  for  8  hours  in  a  flask  connected  to  a 
;  trap  .for  water  and  to  a  reflux  condenser.  No  water  was  evolved;  nothing  was  re- 
I  covered,  with  the  exception  of  some  tar  and  the  initial  products.  Th.e.same  re- 
‘  suits  were  obtained  when  the  benzene  was  replaced  by  toluene  and  the  reaction 
■  temperature  was  raised  to  110-112*;  though  some  water  was  evolved,  only  a  few 
drops  of  a  yellowish  liquid  were  recovered.  Further  experiments  were,  therefore, 
conducted  in  a  xylene  solution  at  158-142*  (thermometer  in  the  liquid) . 

'  •  14.2  g  (0.1  mol)  of  the  glycol,  57-6  g  (0.4  mol)  of  phenol,  and  60  ml  of 

xylene  were  heated  to  boiling  for  5  hours;  no  water  was  evolved,  nor  were  other 
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clgns  of  o  reaction  noticed.  Then  1  g  of  Bulfanlllc  acid  was  aaJed  to  the  some¬ 
what  chilled  mixture.  l,^-20  minutes  al^er  the  mixture  began  to  boll,  drops  of 
water  began  to  »’ali  to  the  bottom  of  the  trap.  The  evolution  of  water  was  most 
Intensive  during  the  second  and  third  hours  of  boiling.  No  more  water  was  evolved 
after  the  boiling  had  gone  on  for  5  hours.  A  total  of  3.5  ml  (nearly  0.2  r.ol)  of 
water  was  evolved.  Wi  obtained  31^  of  volatile  products  and  42^  of  tar ,  based 
on  the  glycol.  '  ' 

Subsequent  experiments  with  various  compositions  of  the  reaction  mixture  In¬ 
dicated  that  Increasing  the  quantity  of  sulfanlllc  acid  had  no  effect  upon  the 
yield,  vrtiereas  reducing  the  amount  of  phenol  to  2  mols  per  molecule  of  the  glycol 
lowered  the  product  yield,  the  volatiles  dropping  to  21^  and  the  tar  to  33^. 

•  In  the  hope  of  lowering  the  reaction  temperature  and  diminishing  the  amount 
of  tar  formed,  we  resolved  to  use  a  more  energetic  catalyst  —  activated  Chasov- 
yarsk  clay.  We  found,  however,  that  here,  too,  the  reaction  did  not  take  place 
In  toluene,  so  that  ve  had  to  resort  to  xylene.  We  used  g  of  the  glycol. 

18.7  g  of  phenol,  0.75  g  of  the  clay,  and  60  ml  of  xylene.  The  reaction  set  In 
as  soon  as  boiling  started j  It  ended  3  hours  later.  1.8  ml  of  water  was  evolved. 
A  total  of  some  8^  of  condensation  products  was  obtained.  The  remainder  consisted 
of  tar  (60^)  and  some  30^  of  various  substances,  one  of  which  boiled  at  I5O-I6O*, 
while  the  other  boiled  at  116-131“  (both  at  8  mm) .  In  contrast  to  the  products 
of  the  phenol  condensation,  the  latter  decomposed  when  distilled  at  ordinary  pres¬ 
sure.  The  results  of  this  experiment  forced  us  to  conclude  that  the  principal  re¬ 
action  taking  place  here  was  the  dehydration  of  the  glycol.  To  check  this  ve 
made  a  test  under  the  same  conditions,  but  without  any  phenol  added. 

14.2  g  of  the  glycoi,  120  ml  of  xylene,  and  I.5  g  of  the  activated  clay  were 
brought  to  a  boll.  Within  10  minutes  water  began  to  evolve,  3  ml  being  collected 
within  2  hours.  The  resultant  dark-red  liquid  was  allowed  to  stand,  after  wh.'ch 
the  clay  was  removed  by  decantation,  and  the  liquid  was  distilled  In  vacuum. 

This  yielded  the  following  fractions;  l)  96  g  (xylene)  at  40-48“;  2)  I.5  g  at 
66-70*5  and  3)  5.2  g  at  118-120*. 

Fraction  2  distils  at  158-I6O*  at  standard  pressure,  and  liberates  large 
quantities  of  gas  when  reacted  with  e thy Imagne slum  bromide 5  it  apparently  repre¬ 
sents  the  product  of  the  incomplete  dehydration  of  tetramethylbutynediol, 
CH2»=C(CH3)*“C3C— C(0H)  (CH3)2,  obtained  by  Dupont.  The  third  fraction  does  not  re¬ 
act  with  ethylmagnesium  bromide  and  decomposes  when  heated  above  160*.  Analysis 
indicated  that  this  Is  an  unsaturated  hydrocarbon. 

0.0670  g  substance;  0.2229  g  CO25  O.O573  g  H2O. 

'  Found  C  90.87;  H  9-57. 

CeHio.  Computed  C  90. 56;  H  9.4-3. 

Hence,  heating  tetramethylbutynediol  wi<th  activated  clay  actually  results 
In  dehydration  of  the  glycol,  less  of  Its  condensation  products  with  phenol  beir.3 
recovered  than  when  sulfanlllc  acid  is  employed. 

After  the  xylene  had  been  eliminated,  fractionation  (at  8  mm)  yielded  two 
fractions,  with  a  b.p.  of  103-111*  and  I28-I3I* .  Analysis  showed  that  the  first 

fraction  Is  2,2,5,5-tetramethyl-3-£-phenoxy-3-5-hydroxyphenyl-2,5-dihydrofuran, 
and  the  second  vas  2,2,5,5-tetramethyl-3-phenoxy-2,5-dihydrofuran. 

-Tetratr.ethyl-3-phenoxy-2 , 5~dlhydrof uran .  This  substance* Is  a  slight¬ 
ly  yellowish,  oily  liquid; 

'  B.p.  130*  (at  8  mn);  di|  O.9947;  ni^  1. 52375;  MRr,  65.24. 

C14H18O2.  Computed:  MRd  63.87.  ^ 

The  substance  Is  Insoluble  in  water,  but  readily  dissolves  in  organic  solvents. 
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docol orl 7.<? c  brotnlnG  water^  does  not  react  with  ethylinagneoluin  bromide,  and  I0  in* 
Eoluble  In  cuuGtic  eodu, 

^  C.2010  mg  BubBtunce:  O.5652  g  CO2J  O.1U82  g  H2O. 

0.0658  g  subotance;  I8.999  g  benzene;  At  0.11®. 

Found  C  76.72j  H  8.28;  M  213.4. 

Ci4Hie02.  Computed  C  77.06;  H  8.26;  M  2l8. 

To  demonstrate  the  presence  of  a  phenoxy  group,  we  boiled  0.3  g  of  the  sub- 
Btance  for  3  hours  with  10  ml  of  hydriodic  acid  (sp.  gr.  4.7)  and  3  mi  of  acetic 
acid.  The  mixture  was  distilled  with  :.team,  and  the  distillate  was  treated  with 
sodium  sulfite  to  eliminate  the  iodine  and  then  with  bromine  water.  This  yielded 
a  precipitate  which  fused  at  95®  after  cryscalllzatlon  and  exhibited  no  depression 
of  the  melting  point  in  a  mixed  test  sample  with  tribromoohenol. 

1.09  g  of  the  substance  (O.O5  mol)  absorbed  126  ml  of  hydrogen  (I8.5*,  75O 
mm)  in  40  minutes  when  hydrogenated  in  an  alcoholic  solution  with  O.35I  g  of  plat¬ 
inum  black,  which  represents  two  molecules  of  hydrogen  added  per  molecule  of  the 
BubJtance.  The  resultant  product,  a  colorless,  oily  liquid,  had  the  following 
constants: 

B.p.  132-134®  (at ‘8  mm);  dji  O.9962;  nj^  1. 51354;  MRjj  64.38.  .  ^ 

Computed:  MRjj  64.34.  ■  • 

Oxidation  of  tetramethylphenoxydlhydrofuran  by  potassium  permanganate  in 
aqueous  solution,  followed  by  the  usual  treatment,  yielded  O.7  g  of  neutral  prod- 
u''ts  as  a  liquid  that  had  the  odor  of  the  original  substance,  plus  formic  and 
acetic  acids.  The  former  product  was  demonstrated  by  its  blackening  a  silver 
salt  when  heated  and  its  being  reduced  by  a  solution  of  corrosive  sublimate. 
Crystals  of  the  silver  salt  settled  out  after  the  reduced  silver  had  been  filtered 
out  and  the  solution  had  cooled. 

0.1282  g  substance:  0.0824  g  Ag. 

Found  Ag  64.27. 

C2H302Ag.  Computed  Ag  64.66. 

Inasmuch  as  these  results  did  not  give  any  definite  proof  of  the  structure 
of  the  substance,  we  oxidized  it  with  chromic  anhydride.  2.45  g  of  chromic  an¬ 
hydride  was  added  in  small  batches  in  the  course  of  3  hours  to  a  solution  of  2 
g  of  the  substance  in  20  ml  of  acetic  acid,  after  which  the  mixture  was  heated 
over  a  water  bath  for  I5  minutes.  The  reaction  mixture  was  diluted  with  water, 
and  the  oxidation  products  were  extracted  three  times  with  petroleum  ether.  The 
extract  was  washed  with  water,  the  ether  was  driven  off,  and  the  residue  was  dis¬ 
tilled  at  8  mm.  This  yielded  0.9  g  of  a  liquid  with  a  b.p.  of  120-125®.  It 
forms  no  semicarbazone.  A  small  quantity  of  the  same  liquid  was  also  obtained  by 
oxidizing  with  potassium  permanganate.  Saponification  took  place  when  the  sub¬ 
stance  was  heated  with  10^  potassium  hydroxide;  phenol  was  recovered  when  carbon 
dioxide  was  passed  through  the  chilled  solution. 

After  extraction  with  ether,  it  distilled  at  I80®  and  solidified  into  crys¬ 
tals.  The  solution  of  the  residua]  potassium  salts  was  evaporated  to  dryness, 
and  the  salts  of  organic  acids  were  extracted  with  alcohol  while  boiling.  The  ; 
spirit  was  driven  off,  and  the  residue  was  dissolved  in  water  and  precipitated  by 
a  solution  of  lead  acetate.  Upon  chilling,  a  finely  crystalline  precipitate  of 
a  lead  salt  with  a  m.p.  of  266®  settled  out;  this' is  the  temperature  given  by 
Dupont  [3]  for  lead  tetramethyldiglycolate,  HOOC— 0(0113)2— 0~C(CH3)2~C00H. 

To  prove  the  identity  of  the  salt  we  had  synthesized  and  the  salt  of  tetra- 
methyldigl/cclic  acid,  we  prepared  the  latter  according  to  Dupont's  instructions. 
This  was  done  by  heating  a  mixture  of  6  g  of  tetramethylbutynediol,  1.2  g  of 
mercuric  sulfate,  and  30  ml  of  water  to  80*  for  20  minutes;  the  resulting  tetra- 
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meihyltetrahylrokctofurttn  wub  driven  off  with  eteam,  dlotllled  at  149-150“  after 
the  water  had  been  oeporntcd  out,  and  oxidized  by  potaBsium  permanganate.  After 
the  manganese  dioxide  had  been  removed,  the  neutral  solution  was  precipitated 
with  lead  acetate,  and  the  deposit  of  the  lead  salt  was  filtered  out  and  recrys- 
talllzed  from  hot  water. 

The  crystals  fused  at  266“  and  exhibited  no  depression  when  mixed  in  a  test 
sample  with  the  substance  we  had  produced  by  oxidizing  tetramethylpheuoxydihydro- 
furan. 

■  •  We  made  an  effort  to  add  bromine  to  the  tetramethylphenoxydihydrofuran.  2  g 
of  the  substance  was  dissolved  in  50  ml  of  chloroform,  and  a  solution  of  1.44  g 
of  bromine  in  l4  ml  of  chloroform  was  added  drop  by  drop  to  the  former  solution, 
with  stirring  and  chilling  with  ice.  Bromination  was  rapid,  without  tarring,  and 
without  the  evolution  of  any  hydrogen  bromide.  The  amount  of  bromine  required  for 
the  addition  of  two  bromine  atoms  to  the  double  bond  was  consumed  in  30  minutes. 
When  we  tried  to  add  more  bromine,  hydrogen  bromide  was  evolved.  The  bromide  was 
observed  to  decompose  violently  when  the  reaction  product  was  poured  into  a  dis¬ 
tilling  flask  and  when  the  chloroform  was  driven  off  in  vacuum,  with  the  evolution 
of  hydrogen  bromide  and  the  occurrence  of  considerable  tarring.  The  next  day 
crystals  were  observed  in  the  beaker  containing  the  bromide.  They  were  placed  on 
on  unfired  porcelain  plate  and  recrystallized  from  ether  the  next  day.  M.p,  137- 
138*.  Analysis  indicated  that  this  was  a  monobromide. 

0.1123  g  substance;  O.O725  g  AgBr  (Carlus). 

,  "  .  -  Found  Br  27.47. 

Ci4Hi702Br.  Computed  Br  26.94. 

2 , 2 , 5 , 5 -Tet r ame thyl -3 -p -hydr oxyphenyl -2 , 5 -dihydrofur an .  This  is  a  color¬ 

less,  oily  liquid  with  an  acrid,  characteristic  odor; 

b.p.  108-110“ (at  8  mm);  dif  O.9966;  nj^  1.52218;  MRd  64.25. 
Ci4Hia02.  Computed:  MRj)  63.75* 

0.0580  g  substance:  0.l640  g  CO2;  0.04l0  g  H2O. 

0.1231  g  substance:  15*70  g  benzene:  At  0.19“. 

Found  C  77.11,  H  7*91;  M  210. 5. 

C14H18O2.  Computed  C  77.06;  H  8.25;  M  2l8. 

0.0714  g  substance:  6.9  ml  ethane  (O*,  7^0  mm). 

Ci4Hi70(0H).  Computed  ethane;  7.3  ml.  *  ' 

When  i.l  g  of  the  substance  was  hydrogenated  for  25  minutes  in  50  ml  of  ether 
with  0.35  g  of  platinum  black,  I25  ml  of  hydrogen  was  added,  after  which  the  re¬ 
action  came  to  a  stop.  This  quantity  is  equivalent  to  2  hydrogen  atoms  per  mole¬ 
cule  of  the  substance  (theoretically,  119*2  ml  sire  required).  The  hydrogenation 
product,  2,2,5,5-tetramethyl-3-£-hydroxylphenyltetrahydrcfuran,  is  a  liquid  with 
a  b.p.  of  112-113“  at  8  mm;  dif  O.998I;  nj^  1. 51734;  MRd  64.37;  Computed  MRd  64  21. 

2  g  of  tetramethylhydroxyphenyldihydrqfuran  was  dissolved  in  20  ml  of  glacial 
acetic  acid  and  oxidized  with  3  g  of  chromic  anhydride,  which  was  added  in  the 
course  of  3  hours  in  small  batches,  with  constant  stirring.  Then  the  reaction 
mixture  was  heated  for.l5  minutes  over  a  water  bath,  diluted  with  water,  and  ex¬ 
tracted  with  ether.  The  ether  extract  was  washed  with  water  and  a  soda  solution 
and  desiccated  W’ith  sodium  sulfate.  After  the  ether  and  the  acetone  had  been 

off,  some  of  the  initial  substance  and  a  reddish  tar  were  recovered.  The 
aqueous  solution  and  the  wash  water  were  distilled  with  steam.  Formic  acid  was 
found  in  the  distillate  (blackening  a  silver  salt  and  reduction  by  corrosive  sub¬ 
limate).  The  concentrated  solution  of  the  difficultly  volatile  acids  was  ex¬ 
tracted  with  ether  for  24  hours  in  an  extractor.  Driving  off  the  ether  yielded 
£-hy(lroxybenzoic  acid,  which  fused  at  213“  after  crystallization  from  water  and 
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ylel-Vd  phenol  when  heated  with  soda  lime.  A  eliehtly  warmed  ommonlacal  solution 
vu£5  precipitated  with  silver  nitrate,  aclcular  -crystals  of  the  sll.ver  salt  set- 
ling  out  when  the  solution  was  cooled. 

0,1570  g  substance;  0.0597  g  Ag. 

Found  Ag  45.58, 

CrHsOsAg.  Computed  Ag  45.90. 

2  g  of  tetramethyl-£-hydroxypheny].dlhydrofuran  was  dissolved  in  50  ml  of 
chlorofomi  and  1.44  g  of  bromine  dissolved  in  l4  ml  of  chloroform  was  added  to 
the  solution  at  -5* •  The  reaction  soon  slowed  down  to  the  point  where  it  could 
be  ceurried  out  at  room  temperature.  But  here,  too,  the  bromine  was  added  so 
slowly  that  the  amount  of  bromine  remaining  after  5  hours  was  added  in  one  batch, 
and  the  mixture  was  set  to  stand  overnight.  Driving  off  the  chloroform  left  be¬ 
hind  a  dark  liquid  with  an  acrid  odor.  Crystals  -jeparated  out  after  the  mix¬ 
ture  had  stood  in  the  exsiccator  for  5  days.  They  fused  at  I5I-I52® . 

0.0950  g  substance;  O.O958  g  A^r  (Carius). 

Found  Br  42.85. 

Ci4HieBr2«  Computed  42.50. 

I 

Hence,  these  crystals  apparently  are  a  dlbromlde  -  2,2,5,5-tetramethyl-5~£- 
hydr  oxyphenyl -5  ^  4  -  d  ib  r  omot  e  t  r  ahydr  of  \ir  an . 

SUMMARY 

It  has  been  shown  that  in  the  presence  of  sulfanllic  acid  tetramethylbut- 
ynediol  condenses  with  phenol,  two  products  being  formed;  2,2,5,5-tetramethyl-5- 
phenoxy-2,5-dihydrofuran  and  2,2,5,5-tetramethyl-5-£-hydroxyphenyl-2,5“dihydro- 
furan.  The  products  of  the  hydrogenation  and  the  bromlnatlon  of  these  substances 
have  also  been  synthesized.  It  is  harder  to  add  phenol  at  the  triple  bond  than 
in  the  case  of  tetraphenylbutynediol,  and  the  reaction  is  accompanied  by  dehydra¬ 
tion  of  the  acetylenic  glycol. 
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NEW  TYPES  OF  TERPENE  TRANSFORMATICNG 
II.  •HE  ACTION  OP  CHLORINE  UPON  «-  AND  p-PINENES 


D. :  Tishchenko  and  B. .  Matvee 


In  our  report  [ij  It  vas  asserted,  on  the  basis  of  the  similarity  between 
the  simplest  quaternary  olefins  and  the  tcrpenes,  that  we  might  be  able  to  con¬ 
stitute  practically  unknown  and  inaccessible  allyl  monochlorides  of  the  terpenes 
by  reaching  the  letter  with  chlorine.  It  was  shown  that  the  references  in  the 
literature  do  not  confirm  this  possibility,  but  neither  do  they  deny  it,  and 
that  they  are  entirely  inadequate  for  the  outlining  of  any  sort  of  general  scheme 
for  this  reaction.  The  reasons  for  the  failure  in  all  previously  known  research  in 
this  field  were  disclosed  (they  are  rooted  in  procedural  errors,  both  in  the 
approach  to  the  problem  and  in  its  solution),  and  the  experimental  conditions 
were  specified  that  would  ensure  the  successful  solution  of  the  problem. 

The  present  research  is  the  first  of  a  series  of  completed  studies  devoted 
to  the  action  of  chlorine  upon  the  terpenes.  Its  results  fully  confirm  the  views 
set  forth  by  us  in  Report  I;  moreover,  they  finally  shed  light  upon  the  evalua¬ 
tion  of  the  various  schemes  showing  the  action  of  chlorine  uppn  olefins  with  a 
branched  double  bond.  Four  such  schemes  have  been  proposed? 

1)  The  scheme  put  forward  by  M.D. Lvovs  the  a(?ditlon  of  chlorine  at  the 
double  bond;  the. partial  Irregular  decomposition  of  the  dichloride  into  an  allyl 
monochloriuc,  with  the  double  bond  shifted  and  hydrogen  chloride  liberated  [2]j 

2)  The  scheme  advanced  by  one  of  the  authors  of  the  present  paper;  the  add¬ 
ition  of  the  positive  part  of  the  polarized  chlorine  molecule  to  the  end  of  the 
olefin's  double  bond  that  is  negatively  polarized  by  the  inductive  actions  of 
the  substituents  and  the  capture  of  the  chlorine  anion  by  the  most  highly  "pro- 
tonlzed”  p-carbon  atom,  with  hydrogen  chloride  evolved  and  the  double  bond  shifted 
(Lvov's  "anomalous"  reaction),  or  the  addition  of  the  chlorine  anion  to  the  pos¬ 
itively  polarized  end  of  the  double  bond,  with  a  dlchloride  formed  (the  "classic" 
reaction,  a  side  reaction  that  is  retarded  by  steric  hindrances)  [3]* 

5)  The  "substituent"  scheme  of  American  chemists;  two  Independent  reactions 
taking  place  simxiltaneously;  a)  the  addition  of  chlorine  to  the  double  bond;  and 
b)  chlorine  replacing  the  hydrogen  atoms  (the  double  bond  playing  no  peirt  in  the 
reaction  )  [4];  and 

4)  The  same  sort  of  "substituent"  scheme  of  a  dualistlc  mechanism,  with  the 
restriction  that  only  the  hydrogen  atoms  attached  to  the  double  bond  in  the  a-posi 
tion  cein  be  replaced  [s]. 

The  scheme  proposed  by  M.D. Lvov,  wiilch  comes  closer  to  the  actual  facts  thaii 
the  notions  put  forward  by  the  American  authors  and  was  quite  progressive  at  the 
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time  of  Itc  pu’jlicatlon,  hae  alrcndy  been  dlnproved  by  uo  [o],  Bumc  American 
cberolots  have  rejected  the  scheme  of  ”  substituent **  chlorination  (tJ  In  favor 
of  our  scheme,  while  others  have  not.  Haso,  the  author  of  the  scheme  of  "sub- 
etltuent"  a-chlorlnatlon,  Is  amonfe  those  vho  have  not  abandoned  It.  In  spite 
of  the  fact  that  both  of  these  schemes  have  been  disproved  convincingly  enough 
by  our  previous  papers  these  "substituent"  notions  still  are  current  today, 

even  in  our  own  chemical  Journals  [«].  The  data  we  have  obtained  In  our  present 
research  should  again  and,  we  hope,  once  and  for  all,  dispose  of  these  schemes. 

According  to  our  notions,  the  action  of  chlorine  upon  a-  and  P-plnenes  may 
be  represented  as  follows: 


According  to  che  the  '’substituent"  scheme  we  should  expect  to  get  seven 
monochlorides  with  shifted  double  bonds  for  both  the  a-  and  ^-plnenes  [s]. 

According  to  the  "a-substltuent"  scheme,  the  a-pinene  should  give  rise 
to  three  moncchlorldes  with  an  unshifeed  double  bond,  while  the  P-pinene  sould 
form  two _  such  monochloridss.  It  should  be  noted  that  the  author  of  the  "a-sub- 
stltuent"  scheme  does  not  explain  the  reasons  for  the  ability  of  the  a-hydrogen 
atoms  to  enter  into  substitution  reactions. 

We  reacted  a-  and  P-pinenes  with  chlorine  under  the  following  conditions: 
no  more  than  O.5  mol  of  chlorine  was  reacted  with  1  mol  of  the  terpene;  the  tem- 
peratiire  of  the  reaction  mixture  was  kept  below  -5“  by  means  of  external  chill¬ 
ing  and  regulating  the  chlgrine  supplyj  an  excess  of  sodium  bicarbonate,  which 
does  not  react  with  anhydrous  chlorine,  was  placed  in  the  reaction  vessel  to  ab¬ 
sorb  the  liberated  hydrogen  chloride ;  and  local  increases  in  the  concentration 
of  the  chlorine  or  the  hydrogen  chloride  were  prevented  by  vigorous  stirring  of 
the  reaction  mixture  (all  the  NaHCOa  vent  into  suspension).  These  measures  en¬ 
abled  us  tc  prevent  any  reaction  of  the  original  terpenes  or  of  its  transformation 
products  with  the  hydrogen  chloride  and  largely  to  diminish  the  reaction  of  the 
chlorine  with  the  accumulated  monochlorides  of  the  terpenes  (cf  below),  which  en¬ 
abled  us  to  get  a  basic  picture  of  the  reaction. 

Our  first  experiments  on  the  reaction  of  chlorine  with  a-plnene  yielded  re¬ 
sults  not  in  agreement  with  our  diagram:  we  got  myrtenyl  chloride  (l)  and  dichlor- 
Ide  instead  cf  cf  pinocarveol  chloride  (ll)and  dlchlorlde.  Inasmuch  as  ye  separa'. 
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;  the  reaction  products  by  fractionating  them  lu  a  tower  at  a  preeaure  of  1)  mm, 

\  and  the  monochlorlde  fraction  dlatlllcd  at  87-80" ^  the  whole  reaction  product 

had  to  be  heated  to  at  least  115-120*  to  ensure  adequate  temperature  transfer 
to  overcome  the  dynamic  resistance  of  the  tower  packing  and  to  separate  the  mono¬ 
chloride  from  the  higher-boiling  polychlorides.  We  had  previously  proved  that 
the  temperature  threshold  for  isomerization  of  chlorides  of  the  allyl  type  is  no 
higher  than  70"  [lo].  In  the  present  case,  the  isomerization  of  (ll)  to  (l)  must 
be  rapid  and  irreversible,  since  5“7  calories  of  energy  are  liberated  when  the 
semicyciic  double  bond  is  shifted  to  the  ring  (cf  Report  l).  When  the  product  is 
distilled  under  the  specified  conditions,  hydrogen  chloride  begins  to  evolve 
vigorously  after  the  a-pinene  has  been  sepeirated  out  and  the  temperature  within 
the  distilling  flask  has  reached  approximately  110*,  up  to  26^  £-cymene  being 
distilled  together  with  it,  based  on  the  amount  of  chlorine  introduced  into  the 
reaction.  Then  the  liberation  of  the  HCl  ceases,  and  the  monochlorlde  distils 
over.  Toward  the  end  of  this  distllation  the  contents  of  the  flask  suddenly' sol¬ 
idify  into  a  crystalline  paste.  Drawing  off  the  liquid  makes  it  possible  to 
secure  a  dlchlorlde  with  a  yield  of  17^^  based  on, the  chlorine,  which  is  Aschan's 
2,6-dichlorocamphane  (cf  Report  l).  Fractionation  of  the  liquid  yields  unsatur¬ 
ated  dl-  and  trichlorides,  \dilch  were  not  subjected  to  further  investigation. 
Their  recovery  indicates  that  even  under  our  conditions  it  is  impossible  to  pre¬ 
vent  entirely  the  further  action  of  the  chlorine  upon  the  unsaturated  monochlor¬ 
lde,  or  to  secure  it  with  a  theoretical  yield. 

When  the  pressure  is  reduced  to  1-2  mm,  and  the  reaction  product  is  frac¬ 
tionated  at  flask  temperatures  that  do  not  exceed  70" >  the  picture  changes  sharp¬ 
ly;  no  hydrogen  chloride  is  evolved,  no  £-cymene  is  formed,  and  more  of  the  mono¬ 
chloride  fraction  is  recovered  than  in  the  first  casej  the  quantity  of  the  solid 
dichloride  and  the  liquid  polychlorides  is  the  same  as  in  the  first  case.  The 
monochlorlde  is  nonhomogeneous,  and  it  can  be  divided  into  fractions  with  stable 
boiling  points  (45-47*  and  55-57°  at  2  mm)  by  fractionation  into  a  tower.  The 
low-boiling  fraction  is  plnocarveol  chloride  (ll),  and  the  high-boiling  fraction 
is  myrtenyl  chloride  (l).  Ihe  output  of  the  chloride  (ll)  is  at  least  60^  of 
the  total  weight  of  the  monochlorides.  From  this  fact  we  may  draw  the  following 
conclusions;  l)  there  is  no  foundation  for  the  hypothesis  that  the  dichlorides 
are  decomposed  as  an  explanption  of  the  formation  of  the  unsaturated  monochlor- 
Ides,  anl  this  hypothesis  is  incorrect  (Lvov);  2)  nor  is  it  possible  to  explain 
the  formation  of  p-cymene  during  the  chlorination  of  a-pinene  by  the  decomposi¬ 
tion  of  the  dichloride  formed  as  an  intermediate  (Naudln,  cf  Report  l);  5)  the 
£-cymene  is  formed  at  a  higher  temperature  during  the  allyl  rearrangement  of  the 
chloride  (l)  into  the  chloride  (ll)  and  at  its  expense,  possibly  as  follows; 
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h)  the  primary  products  of  the  action  of  chlorine  upon  a-pluene  are  the  pinocarv- 
eol  chloride  (n  )  and  Aachan'n  saturated  chloride,  the  myrtenyl  chloride  »l)  being 
a  secondary  product  of  the  r.llyl  rearrangement  of  the  chloride  (ll).  The  struc¬ 
ture  of  the  chlorides  (l)  and  (ll)  has  been  proved  by  ozonizing  them  and  oxidizing 
them  with  potassium  permanganate.  Oxidation  of  the  chloride  (l)  yielded  a  sub¬ 
stance  with  the '  for  mi*  la  C10H15CIO2  and  plnic  acid,  C9H14C4,  as  follows: 

XI  .  jCV  OOH  .  /  . 

-Cfi-O-tf) 

which  fully  proves  the  structure  of  (l).  The  substance  with  the  formula  C10H15CIO2 
was  also  synthesized  during  the  ozonolysis  of  this  thloride^  Ozonolysis  of  chlor¬ 
ide  (ll)  yielded  a  substance  with  the  composition  of  CgH^aOCl,  and  the  presence 
of  a  carbonyl  group  in  this  substance  was  proved  by  the  synthesis  of  the  semi- 
carbazone,  which  is  possible  only. if  Structure  (llj  applies: 

Inasmuch  as  the  chloride  (ll)  is  transfonned  into  the  chloride  (l)  by  an 
allyl  rearrangement,  this  very  fact  proves  that  a  cyclobutane  ring  is  also  pres¬ 
ent  in  the  chloride  (ll)  end  finally  demonstrates  its  structure  as  pinocarveol 
chloride. 

Chlorine  was  reacted  with  the  P-pinene  under  the  conditions  set  forth  above. 
Bearing  in  mind  the  reports  of  the  allyl  rearrangement  of  a-pinene  monochloride, 
we  then  and  there  drove  off  the  excess  p-plnene  and  the  monochloride  fraction 
from  a  WQrtz  flask  at  a  pressure  of  1  mm  and  a  bath  temperature  no  higher  than 
70® ,  Subsequent  fractionation  of  the  monochlorides  into  a  tower  was  effected  at 
the  same  pressure.  Only  one  monochloride  fraction  was  secured.  Its  constants 
agreed  with  the  constants  of  the  chloride  (l).  Its  ozonolysis  yielded  only  a 
substance  with  the  composition  of  C10H15CIO2;  no  chloroketone  with  the  composition 
C9H13OCI  was  secured.  Thus,  the  action  of  chlorine  upon  p-pinene  yielded  the 
monochloride  (l)  (myrtenyl  chloride)  and  the  dichloride,  which  entails  a  shift  of 
the  double  bond  according  to  our  scheme.  It  has  been  shown  above  that  the  chlor¬ 
ide  (II)  is  irreversibly  rearranged  into  the  chloride  (l)  at  70®,  and  that  it  is 
stable  below  70".  Inasmuch  as  the  production  of  the  monochlorides  of  ^-plnene 
has  been  effected  at  a  lower  temperature  than  70®,  there  is  no  reason  to  consider 
the  chloride  (l)  as  a  secondary  product  in  this  case.  The  higher -boiling  residue 
did  not  crystallize  as  it  had  in  the. case  of  a-plnene.  In  a  separate  paper  we 
shall  report  that  the  saturated  dichloride  of  A^-carene  is  also  a  liquid.  This 
proves  that  the  preconceived  notion  that  terpene  dichlorldes  must  be  crystalline 
(cf  Report  l)  is  Incorrect. 

Thus,  the  action  of  chlorine  upon  a-pinene  yielded  pinocarveol  chloride 
with  a  shifted  double  bond  and  the  saturated  dichlorlde  as  intermediate  products, 
while  the  action  of  chlorine  upon  3-pineae  yielded  myrtenyl  chloride  with  a  shifts! 
double  bond  and  a  dichlorlde,  which  fully  refutes  both  the  the  "substituent" 
schemes  of  olefin  chlorination  put  forward  by  American  researchers  and  corroborates 
our  scheme  entirely. 
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Beport  1  Bota  forth  a  muiber  of  consider  at  lono  that  enable  one  to  Judge, 
from  our  point  of  view,  the  hypothetical  atructure  of  terpene  monochlorides 
formed  by  the  reaction  of  chlorine  with  cerpenea,  as  well  their  stability.  The 

reaulta  we  have  achieved  bear  out  these  conalderatlona;  the  double  bond  does  not 
shift  to  the  cyclobutane  ring  as  follows; 

constituting  aystema  that  would  be  under  considerable  stereochemical  stress j  the 
chloride  (ll)  is  unstable  and  Is  Isomer lied  to  the  chloride  (l)  when  heated  (the 
instability  of  compounds  with  a  semlcycllc  double  bond). 

In  the  case. of  a-plnene,  the  "sinomalous"  reaction  represents  65-67^  of  ’ 
the  total,  with  the  "classic”  one  accounting  for  55-33^;  In  the  case  of  p-plnene, 
the  respective  figures  are  50-52^  and  50-48^,  which  agrees  with  our  previous  con¬ 
cepts  of  the  greater  or  lesser  "proton  similarity"  of  the  hydrogen  atoms  in  the 
methyl  and  methylene  groups  (cf  Report  l) .  The  proportion  of  the  reactions  was 
computed  as  follows:  In  the  "anomalous"  reaction,  half  the  chlorine  is  converted 
into  hydrogen  chloride,  the  other  half  entering  into  the  monochloride j  In  the 
“classic"  reaction,  all  the  chlorine  enters  into  the  composition  of  the  dichlor 
ide.  Multiplying  the  amount  of  the  mineralized  chlorine  by  two,  dividing  by  the 
amount  of  chlorine  consumed,  and  multiplying  the  fraction  by  100  gives  the  per¬ 
centage  of  the  "anomalous"  reaction. 

In  the  chlorination  of  a-  and  P-plnenes  and  of  all  the  others  we  have  inves 
tigated,  the  amount  of  the  monochloroterpene  recovered  is  lower  than  what  should 
be  expected  from  the  proportion  of  the  "anomalous"  reaction.  The  fundamental 
reason  for  this  discrepancy  Is  the  reaction  of  the  monochloroterpenes  with  chlor¬ 
ine,  resulting  in  the  formation  of  unsaturated  dichlorides  and  polychlorides  (cf 
the  experimental  section  below).  To  prevent  this,  a  much  larger  excess  of  the 
original  terpene  should  be  employed  than  we  used. 

EXPERIMENTAL 

The  Reaction  of  Chlorine  with  g-Plnene 

The  a-pinene  was  prepared  by  doubly  distilling  turpentine  oil.  The  effi¬ 
ciency  of  the  tov^er  was  about  12  theoretical  trays,  and  the  reflux  ratio  was  12- 
15»  A  fraction  with  a  b.p.  of  52-52.5**  s-t  20  mm;  df^  O.858;  1.4684,  was  col- 

.  lected. 

a-Pinene  and  sodium  bicarbonate  (the  latter  in  100^  excess  over  what  is 
required  to  bind  the  HCl)  were  placed  in  a  flask  fitted  with  a  powerful  stirrer. 
The  chlorine  was  produced  by  pouring  strong  hydrochloric  acid  upon  a  weighed 
quantity  of  KMn04;  'then  it  was  washed  with  water,  desiccated  with  H2SO4,  and 
stored  in  a  teuik  that  was  chilled  with  snow  eind  salt,  at  such  a  rate  that  the 
temperature  in  the  tank  did  not  rise  above  -3  to  -5**  •  A  wash  bottle  filled  with 
water  was  set  up  at  the  outlet  to  check  on  the'  evolution  of  CO2  and  to  absorb 
any  traces  of  HCl.  The  speed  of  the  stirrer  was  regulated  by  means  of  a  rheostat 
so  as  to  effect  complete  suspension  of  the  NaHCOa.  The  amount  of  chlorine  added 
was  half  the  molar  concentration  of  the  pinene.  After  the  reaction  was  complete, 
the  salts  were  filtered  out  by  suction,  and  washed  with  ether;  the  ether  was 
eliminated  from  the  wash  liquid,  and  the  residue  was  added  to  the  filtrate.  The 
salts  were  dissolved  in  water,  and  the  percentage  of  chlorine  ions  ( 'talnerallzed" 
chlorine)  in  tbe  solution  was  determined  quantitatively.  The  organic  portion  was 


vaa  weighed,  and  Ita  chlorine  content  was  determined  by  the  Corius  method  ("org¬ 
anic"  chlorine) , 

Experiment  1«  165O  g  (12  mols)  of  the  pinene^  6OO  g  of  NaHCOs,  and  5^5  S 

of  chlorine  (5*5  ®ol,  on  the  basis  of  3^0  g  of  KMn04).  After  the  reaction  was 
ovec,  108  g  of  chlorine  was  found  in  the  salts,  and  210  g  in  the  organic  portion, 
and  the  percentage  of  the  "anomalous"  reaction  vaa  67*9*  Th®  organic  portion  was 
fractionated  Into  a  tower  with  an  efficiency  of  approximately  12  theoretical  trays 
and  a  reflux  ratio  of  12-15;  the  pressure  vaa  13  mm.  '  • 

Yield;  Fraction  1;  It2-U3® ,  984  g  (pinene);  Fraction  2:  ■43-67*,  4  g;  Fraction 
3;  67-69",  85  g;  Fraction  4:  69-76",  12  g;  Fraction  5*.  76-78",  28  g;  Fraction  6: 
7O-87",  8  g;  Fraction  J:  87-89",  310  g;  Fraction  8;  89-IOO",  32  g;  Fraction  9} 
100-130"-,  50  g;  and  a  residue  of  5^  6*  .  > 

After  the  pinene  had  been  distilled,  the  pressure  in  the  system  was  observed 
to  rise  sharply  and  hydrogen  chloride  was  evolved;  no  more  was  collected  until 
the  original  pressure  had  been  restored.  After  Fraction  7  bad  been  distilled,  the 
contents  of  the  flask  crystallized  all  at  once;  the  crystals  were  filtered  out  by 
suction  (168  g),  and  the  llq^uid  was  returned  to  the  flask. 

Analysis  of  the  fractions.  Fraction  3s  d4®  O.8582,  traces  of  chlorine.  The 
85  g  was  agitated  with  100  ml  of  H2SO4  (sp.  gr,  I.69'  In  order  to  eliminate  the 
terpenes.  The  hydrocarbon  layer  was  separated,  distilled  with  steam,  and  desic¬ 
cated.  All  of  It  passed  over  at  177.5-I78";  dl^  0.867;  ng^  1.4897,  when  distilled 
Into  a  small  tower.  This  in  In  good  agreement  with  the  constants  of  ^-cyrnene. 

The  substance  was  oxidized  by  boiling  it  with  an  alkaline  solution  of  permangan¬ 
ate.  This  yielded  an  acid  with  a  m.p.  of  155-155*5‘*  bjo.  equivalent  of  179, 
which  corresponds  to  2"hydroxyisopropylbenzoic  acid. 

Fractions  4,  5  (di®  O.566,  12.4^  Cl),  and  6  were  not  analyzed. 

Fraction  7:  b.p.  87-89"  at  I3  mm,  ^1  =  19-9  and  20.0;  d^®  1.0095;  ng°  1.4976,| 
MRd  found  for  CxoHisCl  was  49.0,  and  computed  for  C10H15CI  f".  was  48.8. 

A  weighed  quantity  of  the  fraction  was  heated  for  30  minutes  with  alcoholic  alk¬ 
ali;  the  Cl'  was  titrated  back,  and  the  active,  allylic  chlorine  was  found  to 
be  19.9  and  19-9^. 

Oxidation  of  the'  monochloride  in  acetone.  This  experiment  was  repeated 
three  times,  each  time  5I  g  of  the  chloride  being  oxidized.  A  4^  solution  of 
permanganate  (128  g)  was  added,  with  stirring,  to  the  acetone  solution  of  the 
chloride.  In  a  second  test,  20  g  of  glacial  acetic  acid  was  added  to  the  orig¬ 
inal  acetone  solution,  and  60  g  of  the  acid  was  added  in  a  third  test.  After 
oxidation  was  complete,  the  manganese  dioxide  was  filtered  out  by  suction  and 
washed  repeatedly  with  water.  The  water  extract  was  greatly  reduced,  acidulated, 
and  extracted  with  ether,  the  ether  was  driven  off  from  the  extract,  and  the  res¬ 
idue  was  distilled.  Almost  all  the  substance  passed  over  at  l84-l86*  at  4  mm;  it 
was  a  viscous  liquid.  Analysis:  the  per  cent  carbon  was  found  to  be  58.4  and 
58,2;  the  per  cent  hydrogen  was  found  to  be  7.8  and  7.7;  the  computed  figures 
for  C9H14O4  are  58. 1  and  7*5^,  respectively.  A  silver  salt  that  is  fairly  soluble 
in  water  was  produced.  Analysis;  ^  C  =  26.9  and  26.8;  ^  H  =  3.3  and  3.4;  ^  Ag  = 

54.7  and  54.8;  C9Hi204Ag2  corresponds  to  27. 0,  3.0,  and  54.0^,  respectively. 

Hence,  the  resulting  acid  is  pinic  acid. 

The  solvent  was  eliminated  from  the  acetone  solution  and  the  residue  was 
fractionated.  In  all  three  experiments,  two  fractions,  with'  stable  boiling  points 
were  secured;  an  82-84“  fraction  at  9  mm,  d|°  I.009  (the  initial  monochloride); 
and  a  119-120  fraction  at  3  nm,  ^4®  I.188,  ng®  1.50^.  Analysis:  ^  C  =  59.7 
and  59*7;  ^  H  =  7*7  a-iid  7.6;  ^  Cl  =  17t8  and  17.5*  Th®  respective  percentages 
for  C10H15CIO2  are  computed  as  ^  C  =  59-4;  ^  H  =  7.4;  and  ^  Cl  =  I7.5. 
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Three  experiments  yielded  the  following  quantities  of  the  foregoing  sub¬ 
stances: 


Original 

monochloride 

C10H15CIO2 

CeHi404 

1. 

18.0  g 

6.5  g 

9.0  g 

2.  ' 

7.5  g 

11.0  g 

6.0  g 

3. 

5-0  B 

29.0  g 

2.0  g 

•  Investigation  of  the  crystalline  product  of  the  chlorination  of  g-plnene.  A 
constant  m.p.  of  173-17^“  was  attained  after  triple  crystallization  from  light  gas- 
ollncj  $  Cl  =  5^.4  ?-nd  3^*55  the  molecular  weight  was  found  to  be  208.0  and  208.5; 
the  respective  figures  for ‘  C10H10CI2  are  computed:  as  31^.3  and  20?.  The  substance 
is  evidently  Aschan's  2,6-dlchlorocamphane  (cf  Report  l). 

Experiment  2.  We  used  54J*  g  of  a-plnene,  175  g  of  chlorine  (computed  from 
the  KIto04 ) ,  an  1  ^00  g  of  NaHCOa*  The  chlorination  condltlnns  were  the  same  as 
before.  Most  of  the  excess  plnene  was  first  driven  off  from  the  reaction  mix¬ 
ture  -t  7  b™  (bath  temperature  no  higher  than  5O* ) ,  after  which  fractionation 
was  continued  from  a  Wurtz  flask  at  1  mm  pressure,  yielding: 

Bolling  Bath  Weight,  .  . 

■  Fraction  No.  point  temperature  g  •  • 


1  .  to  42*  -50*  120  ,  .f  •  • 

2  .  42  50  '■  180 

3  . 42-50  60  115 

4..., .  52-62  70  31 

5 .  62-85  100.  26  solidified  In  condenser 

Residue  . . .  I38  solidified 


No  hydrogen  chloride  was  evolved  during  this  distillation  or  the  subsequent 
rectification.  The  monochloride  fractions  2,  3^  and  4  were  fractionated  into  a 
tower  with  an  efficiency  of  4  theoretical  trays  and  a  reflux  ratio  of  10.  The 
bulk  of  the  monochloride  boiled  at  44-47®  and  1  mm  (17O  g).  Ozcnolysls  of  this 
fraction  demonstrated  its  heterogeneity.  A  chloroketone  with  the  composition  of 
C9H13OCI  and  the  substance  C10H15O2CI  (cf  Experiment  3)'  were  recovered,  and  we 
therefore  set  up  a  third  chlorination  test  involving  fractionation  of  the  mono¬ 
chlorides  into  a  specially  designed,* more  effective  tower.  Crystals  were  separ¬ 
ated  by  suction  from  the  high -boiling  residue  of  the  second  test  (IO3  g,  21’^  of 
the  theoretical  chlorine  yield),  while  the  liquid  portion  was  distilled  at  O.5  mm. 

Yield;  Fraction  1:  I5  g  at  6O-95®,  df^  1.111;  ^  Cl  =34.55  M  =  I96;  ^  Cl  = 
=34.6  and  M  =  205  for  C10H14CI2. 

Fraction  2:  I6  g  at  95-110%  1.150;  ^  Cl  37-6;  M  211;  ^  Cl  =  34.6  and 

M  =  205  for  C10H14CI2. 

Fraction  3?  12  g  at  110-140®,  I.236;  ^  Cl  =  42.4;  M  =  228;  ^  Cl  =  44.6 

and  M  =  240  for  C10H13CI3. 

All  of  these  fractions  decolorize  bromine  in  chloroform. 

Experiment  3.  The  quantities  of  substances  and  the  conditions  were  the 
same  as  in  Experiment  2.  The  excess  pinene  and  the  monochloride  fractions  (b.p. 
42-62®,  330  g)  were  distilled  from  a  Wurtz  flask  at  1  mm.  The  monochloride  frac¬ 
tions  were  twice  fractionated  into  a  tower  with  an  efficiency  of  8  theoretical 
trays,  with  regulated  heating  and  complete  condensation  of  the  vapors,  the  re¬ 
flux  ratio  being  12-14  and  the  pressure  being  2  mm.  Subjoined  are  the  data  of 
the  last  fractionation: 
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Fraction  Bolling  Weight, 

Ho.  point  grame 

1..;....  45-47.5  86.5 

-  ■  2 .  47.5-50  ^  15.9  ‘ 

5  50-55  5.7 

4  .  .53-55  '  12.1 

5  .......  55'.  -  ?7.5-  ■  60.9 

6  . ,  57.5-59  ,  6.U 

"Residue. . i..'. .  .29.1 


s  Fractious  1  and  5  vere  analyzed.  :  •  •  ^ 

'  Analysis  of  Fraction  1  (45-47^5**  at' 2  mm)}  I.OI6}  nS^  1.14984}  ^  Cl  = 
a  '20.70  and  20.65}  M  =  I67  and  169}  the  ^  Cl  was  computed  to  be  20.8  and  the  M 
170 ,-5  for  C10H15CI.  22  g  of  the  chloride  In  70  g  of  chloroform  chilled  to  -70* 

was  saturated  with  90  liters  of  ozone  (15^  excess).  The  solution  of  the  ozon- 
Ide  was  dropped  Into  boiling  water  containing  platinum  black  (to  decompose  the 
HgOg),  and  the  chloroform,  water,  and  the  ozonlysls  products  were  collected  In  a 
receiver  chilled  to  -23®.  The  undistilled  residue  weighed  4.5  g.  The  water  and 
chloroform  solutions  were  sep^ated  and  analyzed. 

The  water  layer  was  reduced  to'  1  liter.  The  reaction  with  a  solution  of 
Schlff's  reagent  in  0.1  N  HCl  was  positive  (formaldehyde).  20  ml  of  the  solution 
was  precipitated  with  dlmedon.  The  precipitate  weighed  O.II88  g}  its  m.p.  was 
189®}  the  total  amount  of  CH2O  In  solution  was  0.604. 

The  chloroform  was  driven  out  of  the  chloroform  solution,  and  tho  residue 
was  fractionated  at  O.5  mm.  •  . 

Yield:  Fraction  1:  3.4  g  at  65-67*}  Fraction  2:  2.1  g  at  77-73.5" 5' Frac¬ 
tion  3:  1.1  g  a't  78.5-95*}  residue  is  9  g.  *  .  ' 

The  65-67*  fraction  had  df^  I.O5O}  n§^  1.4900}  ^  Cl  20.14  and  20.28}  ^  C 
*  62.3  and  62.9}  ^  H  =  7.6  and  7*7j  M  =  I69.7  and  170.4}  the  percentages  computed 
for  CeHiaOCl  are:  ^  Cl  20.6}  ^  C  62.7}  1<>  H  7.5;  M  =  172.5. 

When  kept  with  semlcarbazlde  acetate  in  a  water-alcohol  solution  for  10 
days,  the  substance  formed  a  precipitate  of  yellow  crystals  of  the  semicarbazone, 
which  fused  at  223-225*.  -  • 

The  77-78.5"  fraction  had  I.I558,  n^^  I.5OIO}  its  analysis  showed: 

Cl  =  17.4  and  17.4}  ^  C  =  59-5  and  59-9;  ^  fl  =  7-7  and  7.6}  M  =  203  and  204} 
the  percentages  computed  for  C10H15O2CI  are:  ^  Cl  =  17.5}  ^  C  =  59.3}  =  7.4} 

M  =  202.5. 

Analysis  of  Fraction  5  (55-57"  at  2  mm}  df^  1.013}  n«^  1.4952}  ^  Cl  20.9 
and  20.9. 

Ozonation.  I8  g  of  the  chloride  was  thoroughly  ozonized,  as  set  forth  above. 
Subsequent  treatment  was  the  same  as  above.  No  formaldehyde  was  found  in  the 
aqueous  layer.  Fractionation  of  the  chloroform  layer  (0.5  mm  pressure)  yielded: 
5.1  g  of  Fraction  1  at  78-8O®}  O.9  g  of  Fraction  2  at  8O-96®}  and  a  residue  of 
7.8  g.  None  of  the  chloroketone  C9H13OCI  with  a  b.p.  of  65-67®  was  secured.  The 
constants  of  Fraction  1  were;  df^  I.16O}  ng^  1.5052}  ^  Cl  I7.3  and  17.4}  ^  C  6O.O 
and  60. 3}  ^  E  7.4  and  7.4}  M  =  204  and  2O5.  The  percentages  computed  for 
C10H15O2CI  are:  Cl  17.5}  ^  C  59.3}  H  7.4}  M  =  202.5. 

Reaction  of  Chlorine  with  B-Plnene 

The  ^-plnene  was  synthesized  by  the  double  fractionation  (into  a  tower  with 
12  theoretical  trays  and  a  reflux  ratio  of  15-16)  of  the  p-pinene  fraction  of  tur¬ 
pentine  oil  produced  by  the  Barnaul  plant  [11].  The  collected  fraction  had  the 


following  conGtants;  b.p,  ^9-60*  at  20  mm;  0.8705;  np  1.4789;  [alj®  41.86% 
which  agree  with  the  constants  for  ^-plnene  [12]  with  the  exception  of  the  spec¬ 
ific  rotatory  power  (^-20®).  The  latter  dlocrepency  may  be  due  to  the  racemiza- 
tlon  of  the  ^-plnene  during  the  prolonged  Industrial  rectification  of  the  turpen¬ 
tine  at  atmospheric  pressure,  which  is  required  to  Isolate  the  small  quantities 
of  3-plnene  fraction  (our  turpentines  contain  6-8^  P-plnene%  To  prove  that  the 
recovered  fraction  was  Identical  with  0-plnene,  15  g  of  the  fraction  was  oxidized 
with  35  g  of  KMn04  in  45O  ml  of  an  aqueous  alkaline  solution  (7.5  g  of  NaOH). 

This  yielded  1.1  g  of  sodium  noplnate  (75^  by  weight),  i.e. ,  the  normal  quantity 
for  pure  p-plnene  [13]. 

Chlorination  of  the  P-plnene.was  effected  under  the  conditions  set  forth 
above.  5!^^  g  of  p-plnene,  175  g  of  chlorine  (based  on  I60  g  of  KMNO4)  and  5OO  g 
of  HaHCOa  were  used  in  the  reaction.  44.7  g  of  Cl  was  found  in  the  solution  of 
mineral  salts.  127.8  g  of  chlorine  was  found  in  the  organic  products.  The  'euiom- 
alous*'  reaction  represented  51. 85^  of  the  total.  The  organic  portion  was  first 
distilled  from  a  Wflrtz  flask  at  1  mm  ard  a  bath  temperature  no  higher  than  70* • 

The  residue  did  not  crystallize,  ,  • 

The  monochloride  fractions  (collected  by  sp.  gr.  and  refractive  Index)  were 
twice  fractionated  into  the  above  described  tower  with  a  rating  of  8  theoretical 
trays  at  O.5  mm.  The  data  for  the  last  fractionation  were  as  follows:  4.3  g  of 
Fraction  1  at  28-34";  14,2  g  of  Fraction  2  at  34-39*5  152.7  g  of  Fraction  3  at 
39-42";  30.0  g  of  Fraction  4  at  42-44";  and  4  g  of  a  residue.  The  following 
values  were  found  for  Fraction  2:^1  =  9.2  and  9.3i  M  =  l49  and  I53.  The  follow¬ 
ing  values  were  found  for  Fraction  3!  1.0175  1.4954;  ^  Cl  =  20.9  and  20.6; 

M  =  168  and  17O;  the  values  computed  for  C10H15CI  are;  ^  Cl  20.8;  M  I7O.5.  The 
following  values  were  found  for  Fraction  4;  ^  Cl  =  21.2  and  21.6;  M  174  and  I76. 

Ozonating  Fraction  3.  25  g  of  the  fraction  was  saturated  with  100  liters 

of  5?t  ozone  under  the  conditions  set  forth  above.  Cf  the  foregoing  for  the  fur¬ 
ther  treatment.  No  formaldehyde  was  found  in  the  aqueous  layer.  Fractionation 
of  the  chloroform  layer  (l  mm  pressure)  yielded;  6.2  g  of  Fraction. 1  at  86-88"; 

0.4  g  of  Fraction  2  at  88-95*5  £Lnl  10  g  of  a  residue.  The  data  for  Fraction  1; 
d|2  1.15I;  ng^  I.5OIO;  ^  Cl  =  17.6  and  I7.6;  ^  C  =  59.8  and  59.6;  ^  H  =  7-4  and 
7.4;  M  =  202  and  206.  The  values  computed  for  C10H15O2CI  are;  ^  Cl  =  17.55  ^ 

=  59.35  H  =  7.4;  and  M  =  202. 5. 

SUMMARY  ^  . 

1.  The  action  of  chlorine  upon  a-  and  p-plnenes  has  been  used  as  an  example 
to  test  the  theoretical  concepts  set  forth  in  our  Report  I, 

2.  Pinocarveol  chloride  (main  reaction)  and  the  saturated  dichlorlde  (side 
reaction)  are  the  primary  products  of  the  action  of  chlorine  upon  a-plnene,  while 
myrtenyl  chloride  (main  reaction)  and  a  dichlorlde  are  the  primaiy  products  in 
the  case  of  P-pinene. 

3.  It  has  been  shown  that  all  previous  investigations  cf  this  problem  are 
worthless  because  of  their  erroneous  theoretical  notions  of  the  way  in  which 
chlorine  reacts  vith  the  a-  and  3-pinenes  and  their  experimental  errors. 

4.  It  has  been  established  that  the  conclusions  of  our  Report  I  are  in  ac¬ 
cordance  with  reality  and  the  analogy  of  the  terpeaes  with  the  quaternary  olefins 
in  their  reactions  with  chlorine  has  been  demonstrated. 

5.  The  incorrectness  of  the  theory  of  •»  substituent  “  chlorination  has  been 
confirmed,  using  the  terpenes  as  examples. 

6.  It  has  been  shown  that  the  chl.orohydrln  of  pinocarveol  is  irreversibly 
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IsoEcrized  to  the  chlorohydrln  of  myrtenol  at  temperatures  above  70* ,  In  accord¬ 
ance  with  the  conclusions  of  our  Report  I. 
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.NEW  TYPES  OF  TERPENE  TRANSFORMATIONS 


III. .  THE  ACTION  OF  CTILORINE  UPON  DIPENTEJ^ 


D. .  Tishchenko  and  V.  Foliadov 


In  our  first  report  [i]  ve  set  forth  our  notions  of  the  possible  general 
mechanism  of  the  action  of  chlorine  upon  the  terpenes.  There  Is  no  reference  in 
the  chemical  literature  to  the  action  of  chlorine  upon  dlpentene  and  llmonene,  so 
that  In  this  instance  the  correctness  of  our  concepts  can  be  checked  only  by  ex¬ 
periment.  According  to  the  concepts  set  forth  previously  [i],  In  dlpentene  the 
double  bond  ought  to  react  much  faster  with  chlorine  than  does  theA®^®  double 
bond  (the  A^  double  bond  Is  more  highly  branched) . 

Chlorine  may  react  with  the*  A^  double  bond  In  two  possible  ways. 


The  synthesis  of  the  chloride  (l)  Is  less  likely  thermodynamically,  inas¬ 
much  as  the  formation  of  the  semlcycllc  A^^"^  double  bond  requires  an  energy  con¬ 
sumption  of  the  order  of  6-8  cal  per  mol  (cf  Report  l).  Hence,  much  more  likely 
is  the  formation  of  the  chloride  (ll),  carveol  chloride,  with  the  double  bond 
shifted  to  the  1,6-position,  which  is  equivalent  to  the  1,2  position,  owing  to 
freedom  of  rotation  about  the  4,8  bond.  Thus  the  chloride  (l)  might  be  taken, 
(formally  speaking)  as  the  product  of  the  "substituent"  chlorination  advocated  by 
the  American  school  (cf  Report'  II  [2]),  but  this  conclusion  is  unfounded;  even 
Hass's  "a-substitUent "  scheme  provides  for  the  formation  of  three  chlorodlpentenes 
(with  chlorine  atoms  at  the  5^  6,  and  7  positions),  whereas  the  "substituent" 
Scheme  in  its  general  form  calls  for  at  least  six  chlorodlpentenes  (chlorine  atoms 
at  the  5,  4,  5,  6,  7,  and  10  positions).  Thus  this  case  enables  us,  once  again, 
to  check  whether  the  mechanisms  for  the  chlorination  of  olefins  that  are  branched 
at  a  double  bond  previously  considered  (Report  II)  conform  to  reality,  and  to 
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select  the  correct  one. 

Report  II  Bets  forth  the  resulto  of  the  action  of  chlorine  upon  a-  and  P- 
plnenes,  which  are  bycycllc  terpenes  with  one  double  bond.  The  primary  productB 
cf  their  reaction  with  chlorine  are  the  chlorohydrlns  of  plnocarveol  end  myrtenol, 
respectively.  In  these  chlorohydrlun  the  chlorine  atoms  are  attached  to  the 
radicals  that  are  linked  to  the  more  highly  branched  ends  of  the  double  bonds, 
which  must  Involve  the  depolarization  of  the  double  bond  and  a  lower  velocity  of 
its  reaction  with  chlorine,  compared  to  that  for  the  original  terpene  [a].  Des¬ 
pite  this,  these  monochlorldes,  as  they  accumulate  In  the  reaction  medium,  do  begin 
to  react  with  the  chlorine,  together  with  the  terpene,  yielding  imsaturated  dl- 
chlorldes*  and  polychlorides,  which  results  in  a  decrease  in  the  output  of  the 
monochlorldes. 

In  the  case  of  dlpentene,  this  decrease  ought  to  be  even  more  marked.  Inas¬ 
much  as  the  monochloride  (ll)  has  two  double  bonds,  each  of  them  able  to  react 
with  chlorine  according  to  our  scheme;  we  should  expect  that  the  analytical  de¬ 
termination  of  the  output  of  the  "anomalous"  reaction  (cf  Report  II)  will  be  even 
farther  from  the  actual  yield  of  the  conochloride  (ll)  than  was  the  case  with  the 
tt-  and  p-pinenes.  We  might  combat  this  phenomenon  by  diminishing  the  quantity  of 
chlorine  employed  in  the  reaction  (using  a  large  excess  of  terpene),  but  it  has 
not  been  our  objective  to  elaborate  the  technically  optimum  procedures  for  syn¬ 
thesizing  the  terpene  monochlorldes;  we  have  endeavored  rather  to  discover  the 
underlying  mechanism  of  the  action  of  chlorine  upon  the  terpenes  under  comparable 
conditions,  and  we  therefore  always  employed  the  same  terpene;  chlorine  ratio  of 
2:1  (cf  Reports  II,  III,  et  seq) . 

Chlorine  was  reacted  with  dipentene  under  the  conditions  set  forth  in  Report 
II.  Two  tests  were  run  with  888  g  and  53^  g  of  dipentene,  respectively.  The 
yields  of  the  "anomalous"  reaction,  determined  by  the  mineralized  chlorine,  were 
86  and  88^^  respectively,  which  is  higher  than  in  the  case  of  a-pinene  (there  are 
two  "interdictions"  in  a-plnene,  but  only  one  in  dipentene).  Fractionation  yield¬ 
ed  a  monochloride,  with  yield  of  some  in  terms  of  chlorine,  which  boiled 
within  a  range  of  one  degree,  plus  a  mixture  of  polychlorides  that  boiled  over 
a  wide  range,  in  addition  to  the  excess  dipentene.  The  molecular  refraction  of 
the  monochloride  was  normal;  experimental  MRd  50.12;  computed  for  CioHisClT  2, 
structure  (ll),  50«11‘  Structure  (l)  requires  an  exaltation  of  the  order  of  O.J- 
O.U,  The  structure  of  the  chloride  was  definitely  demonstrated  by  converting 
it  into  carveol  acetate  by  reacting  it  with  potassium  acetate,  isolating  the 
carveol,  and  identifying  it.  These  transformations  deserve  a  preliminary  con¬ 
sideration. 

We  know  that  the  saponification  of  allyl  chloride  is  a  monomolecular  reac¬ 
tion.  Subsequently,  it  was  discovered  that  the  same  held  true  for  2-chloromethyl- 
-3-chloropropene-l  [5],  Moreover,  it  is  common  knowledge  that  an  allyl  rearrange¬ 
ment  may  occur  in  the  anion  exchange  reactions  of  allyllc  halides.  In  the  con¬ 
version  of  the  chloride  (ll)  into  carveol  acetate  outlined  above  we  used  aqueous 
acetic  acid  and  obtained  an  acetate  with  traces  of  an  alcohol.  As  will  be  reported 
in  a  special  paper,  anion  exchange  reactions  of  the  terpene  monochlorldes  yield 
terpene  derivatives  of  all  the  anions  present  in  the  solution.  Hence,  if  we  want 
to  secure  the  maximum  yield  of  a  single  product,  the  solution  should  contain  only 
one  anion  (in  the  given  case,  potassium  acetate  and  anhydrous  acetic  acid).  Such 
behavior  of  the  chloride  (ll)  is  fully  compatible  with  its  structure  as  a  homo¬ 
log  of  allyl  chloride,  and  it  enables  us  to  ectablish  its  structure  by  converting 
it  into  carveol;  all  the  chlorine  in  the  chloride  is  active  and  quickly  reacts 
when  boiled  in  alcoholic  or  acetic  solutions  with  various  reagents;  hence,  it  is 
allylic  [e];  when  we  examine  the  saponification  of  the  chlorides  (l)  and  (ll), 
it  is  not  difficult  to  see  that  carveol  can  be  produced  only  from  the  chloride^ (II )i 


Structures  a  and  b  are  equivalent,  owing  to  freedom  of  rotation  about  the 
4>8  bond. 

The  c8u*veol  was  produced  with  an  excellent  yield  euid  high  purity.  The  chlor¬ 
ide  (ll)  yielded  a  carveol  ’of  a  high  yield  and  purity,  which  gave  nearly  queuatl- 
tative  yields  of  crystalline  derivatives,  phenylurethane,  and  an  acid  phthalate. 
This  method  of  prepeiratlon  makes  it  a  readily  available  substance.  Inasmuch  as  dl- 
pentene  may  be  produced  by  the  thermal  isomerization  of  a-plnene,  by  the  Arbuzov 
method,  the  ensuing  operations  being  simple  and  inexpensive.  Up  to  the  present 
time,  the  sole  source  of  dipentene  has  been  caraway  oil.  The  procedure  for  recover¬ 
ing  it  from  this  oil  is  rcther  complicated  and  expensive.  The  autoxldatlon  of 
dipentene  cannot  be  considered  a  satisfactory  method  of  preparing  carveol  (cf 
Report  l)j  the  Genwreese  method  (reacting  nitrogen  oxides  with  dipentene)  [tJ  is 
even  less  satisfactory'. 

The  outlined  method  of  synthesizing  carveol  from  dipentene  via  the  mono¬ 
chloride  is  of  great  importance  in  principle.  It  is  the  first  realization  of  our 
general  method  for  the  synthesis  of  terpene  derivatives  with  the  same  degree  of 
saturation  and  the  same  carbon  skeleton  as  in  the  original  terpenes  via  the  mono¬ 
chlorides  of  the  terpenes.  It  paves  the  way  for  a  series  of  researches,  projected 
by  us  and  already  carried  out  to  some  extent. 

The  high  purity  of  the  synthesized  carveol  is  proof  of  the  purity  of  the 
original  chloride  and  of  the  absence  of  other,  isomeric  chlorides  in  it,  which 
once  more  refutes  the  notion  of  ‘'a-substltuent”  chlorination.  The  carveol  was 
oxidized  to  carvone  by  chromic  anhydride,  with  a  satisfactory  yield.  The  resul¬ 
tant  carvone  was  homogeneous,  both  physically  and  chemically,  possesses  the  cons¬ 
tants  that  ar2  characteristic  of  this  compound,  and  yields  a  characteristic  oxime 
and  hydrogen-sulfide  derivative,  which  again  testifies  to  the  purity  of  the  syn¬ 
thesized  carveol,  ^ 

EXPERIMENTAL 

The  dipentene  was  prepared  by  thermally  Isomer Izing  a-pinene  [e]  and  was  ’ 
isolated  by  fractionation  into  a  tower  with  a  rating  of  20  theoretical  trays. 

B.p.  72*  at  20  mmj  d|°  0,8456. 

Chlorination  was  carried  out  under  the  conditions  set  forth  previously  [s], 
•The  yield  of  the  "anomalous"  reaction  was  86-88^.  We  reproduce  the  data  for  a 
single  run  belcw;  880  g  of  dipentene,  with  255  B  of  chlorine  consumed,  ll4  g 
being  found  in  the  salts,  and  l4l  g  in  the  organic  products.  Theoretically,  543 
g  of  the  monochloride  should  be  produced.  A  total  of  1008  g  was  fractionated 
(13  g  of  dipentene  was  lost  in  chlorination,  owing  to  its  being  entrained  by  car¬ 
bon  dioxide).  Fractionation  was  carrled-out  with  a  tower  rated  at  about  J-8  theor¬ 
etical  trays  at  a  reflux  ratio  cf  10  and  a  pressure  of  5  nim.  The  data  for  the 
first  fractionation  run  £o:e  given  belows 

Subsequent  fractionation  of  the  monochloride  Fraction  Nos.  ^-8  into  a  tower 
of  the  seme  rating,  but  at  a,  reflux  ratio  of  15-17  6®^  ^  pressure  of  0.55  lo, 
the  receiver,  yielded  a  single  mcnochlcride  fraction  with  a  b.p.  of  57-58**^ 
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'  Fractionation  data; 

I  ..  ...I... 

( 

.Fraction  No.  B.p.  .  Weight  of  Fraction,  grama 

I  .  44-4j)®  444  (excess  dlpentene) 

2 ! .  45-58®  ■  12.5 

,  5 . 58-60  ■  38.5;  d|°  OS655  i  n|°  i.sojUj  16 

4  . 60-71  18.0 

5  .  71-72  187.5  • 

6  .  72-78  15.0 

7  .  78-80  -  60. Oj  ng°  1.4987,-^CI  24.5,  24.4. 

8  .  80-90  '8.0  •  . 

•9  . 90-100  15.5  cl|°  1.077. 

*  10 . 100-110  19.5  djo  1.159. 

‘11 .  110-150  6.0 

12*..., .  150-150  52. 0;  dl®  1.146;  I.51665 

'..Besidue .  71.5  ^  54.5,  34.5. 

•  .  •  Losses  60.0.  Total,  IOO8.O. 

df®  1.009;  1.49925;. the  monochloride  fractions  that  boiled  above  and  below  this 

interval  totaled  12  g.  The  large  quantity  of  high  boiling  fractions  (l64.5  g)  de¬ 
spite  the  high  proportion  i^i>)  of  the  '’anomalous"  reaction  is  worthy  of  note  as 
an  indication  of  the  extent  or  the  reaction  between  the  monochloride  and  the  chlorine 

Analysis  of  Fraction  5 

_  '  d|°  0.9998;  ng°  1.49805;  MRd  found  51.2;  computed  5O-II; 

^  Cl  20.5,  20.5;  ^  allylic  chlorine  19.8,  19.9;  C10H15CI 
computed  20.8^  Cl. 


■  85  g  of  the  chloride,  50  g  of  potash,  and  200  g  of  96^  acetic  acid  were 

heated  to  boiling  for  2  hours.  51.5  g  of  potassium  chloride  nettled  out  (84^  of 

the  theoretical  yield).  The  acetic  acid  was  driven  off  in  vacuum  with  a  dephlegm- 
ator;  the  residue  was  diluted  with  water  and  twice  extracted  with  ether,  the 
ether  was  driven  off,  and  the  residue  was  fractionated  at  4  mm  into  a  tower  rated 
at  6-8  theoretical  trays. 

Yield;  l)  7  g  up  to  70®;  2)  10  g  at  70-99“;  3)  54  g  at  99-101®;  4)  4  g  at 

101-120®;  6  g  of  residue,  l)  exhibits  a  reaction  for  chloro  derivatives;  2)  ex¬ 

hibits  a  reaction  for  alcohols  (evolves  hydrogen  with  Na  and  evolves  methane  with 
CHaMgl);  5)  has  a  n^®  1.47785  and  a  saponification  number  of  286,  the  computed 
number  for  C10H15OCOCH3  being  288.  53  g  of  the  acetate  was  saponified  by  boiling 

it  for  six  hoiirs  with  an  excess  of  alcoholic  alkali.  The  alcohol  was  driven  off, 
the  residue  was  diluted  with  water  and  extracted  with  ether,  and  the  ether  was 
driven  off.  The  residue  weighed  44  g.  All  of  it  distilled  at  129®  and  28  mm;' 
df®  0.9524;  np°  1. 49625;  the  MRd  for  CioHi50Hr2  was  found  to  be  46.65;  its  com¬ 
puted  value  was  46.77.  Analysis;  ^  C  78.9  and  78.7;  ^  H  10.4.  and  10.4;  the  res¬ 
pective  computed  values  for  C10H15OH  are  78.9  and  10.5^.  The  experimental  cons¬ 
tants  agree  with  those  of  dl-carveol. 


The  synthesized  alcohol  does  not  react  .with  phthalic  anhydride  in  boiling 
benzene,  but  it  does  react  when  fused  with  it  at  125®  and  hence  is  a  secondary 
alcohol  [10]^  which  produces  a  nearly  quantitative  yield  of  the  acid  phthalate, 
which  fuses  at  I56-I56.5®  after  a  single  recrystallization  from  gasoline.' Subse¬ 
quent  crystalllzatiops  do  not  change  the  melting  point;  the  acid  phthalate  of 
^-carveol  fuses  in  the  same  manner  [sj.  0.5  g  of  the  alcohol  and  0.5  g  of  phenyl 
isocyanate  were  placed  in  a  sealed  ampoule  eind  heated  over  a  boiling  bath  for  one 
hour.  All  the  contents  of  the  ampoule  solidified  after  three  weeks.  The  phenyl- 
urethane  fuses  at  94-95“  after  a  single  recrystalllzatlon  from  gasoline,  as’ is  the 
case  with  the  phenylur ethane  of  dl-carveol,  [9].  Subsequent  recrystalllzatlon 


t. 
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has  no  effect  upon  the  melting  points 

Oxidation  of  ^-carveol.  l4  g  of  chromic  anhydride  in  200  ml  of  acetic 
acid  was  added,  with  constant  stirring  and  chilling  with  ice,  to  30  g  of  alcohol 
in  100  ml  of  acetic  acid.  The  reaction  product  was  diluted  to  one  liter  and 
blown  off  with  steam.  22  g  of  an  oil  with  the  odor  of  fennel  was  recovered  by 
fractionation  into  a  tower  with  a  herringbone  packing  at  a  pressure  of  27  mm. 
Yield!  l)  2  g  up  to  124“;  2)  17. 5  g  at  124-126“;  d|°  0.9588;  ng°  1.4948;  MRj) 
found  for  the  ketone  C10H14O  r2  was  45,60;  the  computed  value  is  45.28;  the  mag¬ 
nitude  of  the  exaltation  was  characteristic  of  canvone.  The  oxime  was  prepared 
as  specified  by  Wallach  [4];  it  fused  at  92-95“  after* recrystalllzatlon  from 
aqueous  alcohol,  as  does  the 'oxime  of  dl-carvone  [a].  Analysis:  ^  N  8.4  and 
8,4;  the  computed  value  for  C10H15ON  is  8,48^.  2  g  of  the  ketone  +  I'g  of  alco¬ 
hol  +  0.5  g  of  aqueous  ammonia  were  saturated  with  hydrogen  sulfide,  Crystalllza 
tlon  sets  in  almost  immediately.  The  crystals  were  recovered  by  suction  and  re- 
crystallized  three  times  from  methanol  until  their  m.p.  was  constant  at  189-190“ 
which  is  the  m.p.  of  the  hydrogen-sulfide  derivative  of  dl-carvone, 

SUMMARY 

I  »  ~ 

1.  A  study  has  been  made  of  the  reaction  of  dlpentene  with  chlorine  under 
ccmditlons  that  ensure  the  recovery  of  the  primary  reaction  j)roducts. 

2.  The  primary- reaction  product  is  6-c]Jlorodlpeii^ene  {carveol  chloride), 
which  conforms  to  our  proposed  scheme  for  the  reaction  of  chlorine  with  branched 
olefins  and  refutes  the  "substituent"  scheme  of  the  American  school  [2].  The 
structural  peculiarities  of  dipentene  had  led  us  to  fortell  the  production  of 
this  very  chloride  of  carvcol. 

3.  It  has  been  shown  that  carveol  chloride  may  be  transformed,  with  satis¬ 
factory  yield,  into  a  carveol  of  high  purity;  this  is  the  first  satisfactory 
synthesis  of  csLTveol  from  dipentene.  Moreover,  this  synthesis  is  the  initial 
example  of  a  general  method  we  have  developed  for  synthesizing  terpene  derivat¬ 
ives  with  the  same  degree  of  saturation  and  the  same  carbon  skeleton  as  the 
original  terpene. 
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THE  REACTION  OF  HETEROCYCLIC  AMINES  WITH  UREA 


I.  THE  REACTION  OP  SOME  AMINO  DERIVATIVES  OP  PYRIDINE  WITH  UREA 

•  ’.'***  *'  * 

M.:P.  Gerchuk  and  6.  Z.  Talts 

Instltuts  of  Organlo  Chemistry,  06BR  Aosdemy  of  Boienees 


Little  vork  has  heen  done  on  the  reaction  of  the  heterocyclic  amines  with 
urea.  We  proposed  to  make  a  study  of  the  reaction  of  urea  with  some  amines  of 
the  pyridine  series.  Our  researches  started  with  a  study  of  the  reaction  of  2- 
amlnopyridlne  with  urea.  There  is  a  statement  in  the  literature  to  the  effect 
that  Schmid  and  Becker  [i]  nad  synthesized  a  substance  to  which  they  ascribed  the 
structure  of  N,N' -di(pyrldyl-2)-urea,  by  heating  2-amlnopyrldlne  with  urea.  Our 
studies  have  demonstrated  that  the  data  given  by  Schmid  and  Becker  are  wrong. 

We  obtained  the  following  results  when  we  condensed  2-aminopyrldine  with  urea. 

When  a-amlnopyridine  was  heated  with  urea  for  5  hours  at  I50*,  a  crude  prod¬ 
uct  was  recovered  from  the  reaction,  from  which,  in  turn,  we  were  able  to  Isolate 
two  different  individual  substances,  depending  on  the  solvent  employed  for  crys- 
talllzatlonj  the  structure  of  these  substances  was  determined  only  after  very 
long  research.  Crystallization  of  the  crude  product  from  pyridine  or  alcohol 
yielded  a  product  with  a  m.p.  of  155-156.5®,  the  melting  point  of  which  was  un¬ 
affected  by  further  crystallization.  When  the  crude  product  was  crystallized 
from  water,  we  got  a  different  product,  with  a  m.p.  of  175“* 

When  the  substance  with  a  m.p.  of  155-156.5  was  crystallized  from  water  or 
was  agitated  with  an  alkaline  solution,  it  was  converted  into  the  substance 
with  a  m.p.  of  173“ ^  urea  being  found  in  the  mother  liquor. 

All  these  facts  indicated  that  the  substance  with  a  m.p.  of  155-156.5“  Is 
an  unstable  molecular  compound  of  urea  with  the  substance  with  a  m.p.  of  173“. 
Analysis  of  the  two  substances  bore  out  our  assumption.  The  substance  with  a 
m.p.  of  175®  had  the  composition  of  (C5H4N)NHC0NH2J  the  substance  with  a  m.p.  of 
155-156.5“  was  the  compound  L (C5H4N)NHC0NH2] 'NF2CONH2. 

Our  first  Job  was  to  demonstrate  the  structure  of  the  substance  with  a 
m.p,  of  173“ •  Despite  the  fact  that  the  synthesis  process  and  the  analysis  of 
the  substance  indisputably  indicated  that  we  were  dealing  with  a-pyridylurea, 
we  still  felt  it  was  necessary  to  perform  special  research  in  order  to  prove 
the  structure  of  the  substance  with  a  m.p.  of  173“ •  This  was  due  to  the  fact 
that  our  product  exhibited  a  depression  when  mixed  in  a  test  sample  with  the  sub¬ 
stance  secured  by  OJFischer  [2]  when  he  heated  a-amlnopyridine  with  potassium 
cyanate,  to  which  he  gave  the  structure  of  N-(pyridyl-2) -urea.  We  proved  the 
struct’ire  of  our  substance:  l)  by  heating  it  with  aniline  hydrochloride  to  pro¬ 
duce  N-^henyl)-N' -(pyridyl)-urea: 


C^NHC0NH2  + 


KIIa-HCl 


C^NHCONH 

N 


which  is  Identical  with  the  eubatance  aynthealzed  by  Camps  [a]  by  heating  (pyr- 
ldyl-2) -urethane  with  aniline;  and  2)  by  saponifying  It  with  an  alkali  solution 
to  yield  a-aralnopyrldlne.  We  finally  demonstrated  the  structure  of  the  substance 
with  a  m.p.  of  I55-I56.5*  by  producing  It  by  heating  urea  with  the  substance  with 
a  m.p.  of  175®  N-(pyrldyl-2)-urea] . 

We  thus  proved  thaf'^eatlng  a-amlnopyrldlne  with  urea  yielded  the  molecular 
compound  of  N-(pyrldyl-2)-urea  with  urea,  which  breaks  down  when  heated  Into  H- 
(pyrldyl-2)-urea  and  urea: 


2NH2CONH2 


+  C^^DnhC0NH2J  * 


-  I  f 

n  ■  'H 

C^HHCOHN  lO 


•  IIH2CONH2 
m.p. 155-156. 5“  ' 

H20  1 1 NH2CONH2 


CaHkNHp  *HC1 


.0 


NHCONH2 


m.p.  173* • 


The  assertions  of  Bc^ld  and  Becker  that  heating  a-amlnopyrldlne  with  \irea 
at  180®  yielded  N,N* -dl-(pyTldyl-2)  urea  were  found  to  be  erroneous.  When  we  re¬ 
peated  the  Schmid  and  Becker  experiment,  we  did  not  secure  N,N' -dl-(pyrldyl-2)- 
urea. 

We  then  had  to  settle  the  question  of  what  the  substance  was  that  Is  secured 
when  an  aqueous  solution 'pf  a-amlnopyrldlne  Is  boiled  with  potassium  cysmate,  to 
which  0.  Fischer  assigned  the  structure  of  N-(pyrldyl-2)-urea.  To  do  this,  we 
repeated  the  experiment  described  by  0.  Fischer.  For  a  long  time  we  secured 
nothing  but  a-amlnopyrldlne  and  Inorganic  salts  In  these  tests.  But  In  one  of 
the  tests,  when  we  employed  freshly  prepared  potassium  cyanate,  we  obtained  a  sub¬ 
stance  with  a  m.p.  of  175!/  which  exhibited  a  depression  with  the  N-(pyrldyl-2)- 
urea  we  had  synthesized.  Our  analysis  for  C,  H,  and  N  showed  that  the  substance 
answered  to  the  composition  of  a-pyrldylbluret.  The  error  in  0.  Fischer's  con¬ 
clusions  l^es  In  the  fact  that  he  based  them  solely  upon  an  analysis  for  nitrogen, 
whereas  the  percentage  of'nitrogen  is  nearly  the  same  for  pyrldyl-urea  and  for 
a-pyr idylb lure t . 

We  synthesized  NiS‘..-dl(pyr idyl-2) -urea  by  reacting  phosgene  with  a-amlno- 
pyridlne  (in  the  presencHof  sodium  amide,  or  without  It),  or  by  reacting  ethyl 
carbamate  with  a-amlnopyrldlne.  Both  of  these  methods  are  superior  to  Camps'  . 
method  [3]  in  that  they  enable  the  synthesis  to  be  performed  In  a  single  stage. 

We  then  wanted  to  joake  n  study  of  the  reaction  of  3-smlnopyrldlne  with  urea. 

When  3-aminopyridlne  was  heated  to  160®  with  urea,  we  obtained  N-(pyrldyl-3)- 

ureas 

0NH2  v  #'^^NHC0NH2 

+  NH2CONH2  - ^  I  J  +  IIH3. 
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We  found  no  molecular  compound  In  Ihls  reaction,  as  ve  had  when  urea  was 
condensed  with  2-amlnopyridlne. 


Our  subsequent  research  had  as  its  objective  the  study  of  the  reactions  of 
amlnonitropyridlne  and  dlalkyldiaminopyrldlne  with  urea.  Our  research  in  this 
field  demonstrated  that  the  nltro  group  In  the  5  position  In  2-amlnopyrldlne 
prevents  the  condensation  reaction  with  urea.  When  2-amlno-5>nltropyrldlne  was 
condensed  with  urea,  ve  were  unable  to  secure  urea  derivatives.  When  2-dlmethyl- 
amlno-5-aminop^idlne  was  condensed  with  urea,  we  obtained  N,N' -dl-(2-dlmethyl- 
amlnopyridyl-5;  -urea. 

EXPERIMENTAL 
.  Condensation  of  g-Amlnopyrldlne  vlth  Urea 

A  mixture  of  94  g  (1  mol)  of  purified  a-amlnopyrldlne  and  30  g  (Yg  mol)  of 
urea  was  heated  over  an  oil  bath  for  5  hours.  .  The  gas  evolved  during  the  reaction 
was  absorbed  in  1  N  hydrochloric  acid.  Evaporation  of  the  hydrochloric  acid 
yielded  15«5  S  of  ammonium  chloride  (0,25  mol).  After  the  reaction  was  over,  the 
melted  mass  was  poured  into  a  porcelain  dish.  The  solidified  melt  was  triturated 
vlth  ether  imtil  the  odor  of  a-amlnopyrldine  dlsappeEired.  Weight  20  g.  M.p.  I53® 
(Substance  A).  Peurt  of  Substance  (A)  was  recrystallized  from  alcohol,  another 
part  from  pyridine,  and  still  another  part  from  water. 

1.  When  substance  (a)  was  recrystallized  from  alcohol  -  either  absolute  or 
96^  (or  even  from  pyridine),  aclcular  crystals  with  a  m.p.  of  155-156. 5®  (Subs¬ 
tance  B)  settled  out  of  the  mother  liquor.  When  Substance  ^)  was  heated  with  an 
aqueous  solution  of  sodium  hydroxide,  ammonia  was  liberated. 


2,  When  Substance  (A)  was  recrystallized  from  water,  colorless  prisms  with 
a  m.p.  of  170-175"  (Substance  C)  settled  out  of  the  mother  liquor.  A  sample  of 
this  substance  mixed  with  a  test  sample  of  N,N* -di-(pyr idyl-2) -urea  (prepared  by 
Camps'  method)  exlilblted  depression  of  the  melting  point.  The  structure  of  Sub¬ 
stance  (C)  was  proved  as  indicated  below. 


1)  Analysis  of  Substance  (C). 


5.303  mg  substance: 
6,130  mg  substance: 
3.172  mg  substance: 
3.430  mg  substance: 

Found 

C6H7ON3,  Computed 


2.410  mg  H2O;  10.246  mg  CO2. 
2.820  mg  H2O;  11.796  mg  CO2 
0.872  ml  N2  (23",  734  mm). 
0.948  ml  N2  (23",  734  mm). 

C  52.69,  52.48j  H  5.09,  5.155 
N  30.62,  30.79. 

C  52.'555  H  5.II5  N  30. 66; 


2)  Action  of  an  alkali  solution  upon  Substance  (C).  1  g  of  the  substance 

with  a  m.p.  of  173"  vas  boiled  for  "an  hour  with  a  4o^  solution  of  potassium  hyd¬ 
roxide,  After  cooling  the  substance  was  extracted  with  ether.  The  ether  solu¬ 
tion  was  mixed  with  an  alcoholic  solution  of  picric  acid.  The  resulting  plcrate 
fused  at  .216-217® .  A  test  sample  mixed  with  a-amlnopyrldyl  plcrate  exhibited  no 
depression. 

3)  Condensation  of  Substance  (C)  with  aniline  hydrochloride.  A  mixture  of 

0,6  g  of  the  substance  with  a  m.p.  of  173°  0.6  g  of  aniline  hydrochloride 

was  heated  for  4  hours  to  I5O-I6O"  over  an  oil  bath.  After  heating  was  over,  the 
reaction  mass  crystallized.  The  mass  was  melted,  the  melt  was  dissolved  in  boil¬ 
ing  alcohol,  and  the  solution  was  filtered.  When  the  filtrate  was  cooled,  long 
fibrous  crystals  with  a  m.p.  of  179-1^1"  settled  out.  A  test  sample  mixed  with 
a-(phenyl)-N' -(pyridyl-2)-urea  exhibited  no  depression. 

We  concluded,  from  these  experiments,  that  Substance  (C),  with  a  m.p.  of 
173*,  was  N.4>yrid>'l-2) -urea. 
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The  structure  of  Substance  (B),  with  a  m.p.  of  155-156'.5",  was  demonotrated 
as  follows;  .  1>  Analysis  of  Substance  (B); 

4,440  mg  substance:  6.907  d'S  COgJ  2.260  mg  HgO. 

3.660  mg  substance:  5*750  nig  CO2;  1*095  nig  H2O.  , 

2.655  mg  substance;  0.036  ml  N2  (25" >  747  mm). 

3.145  mg  substance;  0.900  ml  N2  (24*,  750  mm). 

Found  C  42.92,  42.05;  H  5*70,  5*79;  N  35*^5,  55*36. 
C'7Hh02N5  .  Computed  C  42.64;  H  5*50;  ^  55*55* 

2)  Reaction  of  Substance  (b)  with  water.  1  g  of  the  substance  with  a  m.p.  . 
of  155-156.5"  was  boiled  with  10  ml  of  water  or  with  a  1^  solution  of  potassium 
hydroxide.  When  the  solution  was  cooled,  crystals  with  a  m.p.’ of  175"  settled  . 
out;  they  exhibited  no  depression  in  a  test  sample  mixed  with  the  N- (pyr idyl-2 )- 
urea  we  had  synthesized.  The  mother  liquor  was  evaporated  and  some  drops  of  con¬ 
centrated  nitric  acid  was  added  to  it.  The  precipitate  that  formed  was  drawn 

off  by  suction  and  desiccated.  M.p.  149-150*.  A  test  sample  mixed  with  urea 
nitrate  exhibited  no  depression. 

3)  Fusing  N- (pyr idyl-2) -urea  with  urea.  A  mixture  of  1.4  g  of  N-(pyrldyl-2) 

urea  and  0.3  g  of  urea  was  heated  over  a  I50®  oil  bath.  The  resulting  substance 
was  recrystallized  from  pyridine.  M.p.  I5I"*  A  test  sample  mixed  with  Substance 
(B)  (m.p.  155-150*5")  exhibited  no  depression.  . 

'.These  experiments  established  the  fact  that  Substance  (B),  with  a  m.p.  of 
155-150*5" ^  Is  a  molecular  compound  of  N-( pyr idyl -2) -urea  with  urea: 


NHCONH2  -101200^2* 


The  methyl  sulfomethylate  of  N-(pyridyl-2)-urea.  O.5  g  of  N- (pyr idyl-2) - 
urea  and  0.5  g  of  dimethyl,  sulfate  were  dissolved  in  5  nil  of  benzene  eind  boiled 
in  a  flask  fitted  with  a  reflux  condenser  over  a  water  bath  for  4  hours.  The 
precipitate  that  settled  out  was  filtered  out,  washed  repeatedly  on  the  filter 
with  benzene,  and  crystallized  from  alcohol.  M.p.  l40-l42“ . 

The  substance  consists  of  colorless  lamellar  crystals,  which  are  readily 
soluble  in  cold  water,  poorly  soluble  in  cold  alcohol,  and  somewhat  more  soluble 
in  hot  alcohol.  . 

6.060  mg  substance:  0.834  ml  N2  (24*,  755  mm). 

5*950  mg  substance:  0.821  ml  N2  (24®,  755  mm). 

Found  N  I5.72,  15*81. 

C8H13O5N3S.  Computed  N  15.97* 

The  hydrochloride  of  N-( pyr idyl -2) -urea.  Colorless  needles  with  a  m.p. 
of  208-209®,  which  are  highly  soluble  in  water,  slightly  soluble  in  cold  alcohol, 
and  more  soluble  in  hot  alcohol. 

4.264  mg  substance;  O.894  ml  N2  (24®,  752  mm). 

4.413  mg  substance:  0.924  ml  N2  (23®,  754  mm). 

Found  N  23.84,  23.96. 

CeHsONsCl.  Computed  N  24.21. 

Reaction  of  g-Amlnopyridyl  Hydrochloride  with  Potassium  Cyanate 
(By.  0.  Fischer's  Method) 

A  mixture  of  3*2  g  of  the  hydrochloride  of  a-aminopyridine,  2  g  of  potas¬ 
sium  cyanate,  and  5  ml  of  water  was  boiled  over  a  screen  for  10  hours.  When  boiling 
was  over,  a  deposit  (0.3  g)  was  formed,  its  heterogeneity  being  apparent  to  the 
naked  eye.  Triple  crystallization  from  water  yielded  0.I5  g  of  a  substance  with 


8  m.p.  of  175-176".  A  toot  Bomple  mixed  with  the  N-(pyrldyl-2)  urea  (m.p.  17)") 
or  with  N;N ' -di- (pyrldyl-S) -urea  exhibited  no  depreBolon  of  the  melting  point. 

According  to  the  analysis  data^  the  substance  has  the  composition  of  pyrldyl- 
biuret. 


5.421  mg  substance: 
5 *600  mg  substance; 
5*250  mg  substance; 

Found 

Dlpyrldylbluret:  C7Ha02N4.  Computed 

Monopyrldylurea;  CoHyONa,  Computed 

Ac6ordlng  to' Fischer  *:  Found  $•. 


5.874  mg  CO2J  1.471  mg  HgO. 

0.971  ml  N2  (25",  750  mm). 

0.870  ml  N2  (25",  754  mm). 

C  46.86;  H  4.8I;  N  50.69,  50.62. 
C  46.67;  H  4.44;  N  51.11. 

C  52,555  H  5. 11;  N  50.66. 

H  50.8. 


The  Action  of  Phosgene  on  g-Amlnopyrldlne 

Experiment  1.  ^  g  of  a-amlnopyrldlne  was  dissolved  In  50  ml  of  toluene, 

and  5*2  g  of  pho s ge ne^d  1  s aoiV ^ d  In  15.5  6  of  toluene  was  added  to  the  solution 
with  constant  stirring.  After  all  the  phosgene  had  been  added,  the  reaction  mix¬ 
ture  was  heated  to  50"  for  2  hours.  When  the  solution  had  cooled  down,  aclcular 
crystals  settled  out;  they  were  filtered  out  by  suction,  washed  with  toluene,  and 
dissolved  In  water.  The  resulting  toluene  layer  was  separated,  and  the  aqueous 
solution  was  alkallnlzed  with  a  25^  solution  of  sodium  hydroxide.  This  caused 
a  yellow  amorphous  deposit  to  settle  out,  which  was  filtered  out  and  desiccated. 
After  crystallization  from  benzene,  the  substance  consisted  of  colorless  needles 
with  a  m.p.  of  175" •  The  yield  was  1.8  g  (52%  of  the  calculated  quantity).  A 
test  sample  mixed  with  N,N* -di (pyrldyl-2) -urea  exhibited  no  depression. 


Experiment  2  .  Reaction  of  g-aminopyridine  with  phosgene  in  the  presence 
of  sodium  amide.  7*5  g  of  a-aminopyridine  was  dissolved  in  70  ml  of  anhydrous 
toluene,  and  5  g  of  sodium  amide,  triturated  under  toluene,  was  added  to  the 
solution  at  room  temperature,  with  constant  stirring.  After  all  the  sodium  amide 
had  been  added,  the  mixture  was  stirred  for  5  hours  at  35-40®.  After  stirring, 
a  solution  of  7.8  g  of  phosgene  in  20  ml  of  toluene  was  added  to  the  mixture. 

After  all  the  phosgene  had  been  added,  the  mixture  was  stirred  until  the  evolu¬ 
tion  of  heat  had  ceased.  After  the  mixture  had  cooled,  a  red-brown  deposit  set¬ 
tled  out,  and  the  liquid  was  decolorized.  The  precipitate  was  filtered  out  by 
suction  and  added  in  small  batches  to  50  ml  of  water,  almost  all  of  It  dissolving 
(except  for  a- small  quantity  of  tar).  The  toluene  layer.  In  which  the  substance 
was  steeped,  floated  on  top.  The  aqueous  layer  was  separated  from  the  toluene 
and  the  tar,  and  then  neutralized  with  a  solution  of  sodium  hydroxide  until  its 
reaction  was  weakly  alkaline.  The  brown  precipitate  that  settled  out  was  re¬ 
crystallized  from  benzene.  This  yielded  4.0  g  of  a  substance  with  a  m.p.  of  173- 
175"  (47%  of  the  computed  quantity).  A  test  sample  mixed  with  N,N’ -dl-(pyrldyl-2) - 
urea  exhibited  no  depression. 

The  Reaction  of  Ethyl  Carbamate  with  a-  Aninopyridine 

'  A  mixture  of  2  g  of  ethyl  carbamate  and  2  g  of  an  a-aminopyridine  was  heated 
to  180"  over  an  oil  bath  for  5  hours.  Bubbles  of  gas  were  evolved  during  the 
heating.  After  heating  was  complete,  an  oily  substance  was  formed,  which  grad¬ 
ually  crystallized  when  it  was  triturated  with  water.  The  precipitate  was  filtered 
out  and  repeatedly  crystallized  from  alcohol;  its  m.p.  was  174-176",  A  test  sam¬ 
ple  mixed  with  N,N' -di-(pyr idyl-2) -urea  exhibited  no  depression. 

Condensation  of  P-Aminopyridine  with  Urea 

A  mixture  of  4.2  g  of  P-amlnopyridine  and  ^  g  of  urea  was  placed  in  a  round 
bottomed  flask  and  heated  to  I60"  over  an  oil  bath  for  4  hours.  Ammonia  was  evoived 
copiously  during  the  reaction.  After  the  reaction  was  over,  the  transparent  liquid 
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was  poured  Into  twice  its  weight  of  alcohol.  After  the  solution  had  cooled, 
slightly  colored  needles  settled  out.  The  precipitate  was  filtered  out  and  crys¬ 
tallized  from  alcohol.  The  m.p.  was  170-179* •  Yield  *  1.5  g. 

The  substance  consists  of  pinkish  lamellar  crystals,  which  are  readily 
•soluble  in  alcohol  and  water. 

5,915  mg  sub  stance:  5. 559  nig  CO2;  1.05^  mg  HgO. 

'  H»095  mg  substance;  7*799  mg  CO2J  1.900  mg  H2O. 

Found  C  52.55.  52.62;  H  5*2^,  5*25* 

CeH-zONa.  Computed  C  52.55;  H  5. 11. 

The  hydrochloride  of  N-(pyrldyl-3)-urea.  Colorless  needles  with  a  m.p.  of 
174-175®  (from  alcohol!^  In  the  determination  of  the  melting  point  the  substance 
was  dropped  into  an  apparatus  heated  to  16O®,  Sudden  fusion  took  place  at  17^- 
175®.  The  contents  of  the  capillary  hardened  when  heating  was  continued  still 
higher,  '  '  ,  ^ 

’  The  substance  is  soluble  in  water,  readily  soluble  in  hot  alcohol,  and  less 
so. in  cold  alcohol. 

.  •  2.970  mg  substance:  O.627  ml  N2  (24®,  755  mm). 

'  ‘  2,660  mg  substance;  O.609  ml  N2  (25*.  755  mm). 

•  '  Found  N  24.04,  24.59* 

CoHeONaCl.  Computed  N  24.21.  •  - 

Condensation  of  2-Amlno-5-nitropyridine  With  Phosgene 

1  g  of  2-amino-5-nitropyrldlne  was  dissolved  in  50  ml  of  tetralln,  and  O.5  g 
of  sodium  amide  was  added,  with  constant  stirring,  to  the  solution  heated  to  155*^ 
after  which  the  mixture  was  stirred  for  2  hours.  Then  a  solution  of  0.7  g  of 
phosgene  in  I.7  g  of  toluene  was  added  to  the  reaction  mixture.  This  caused  a 
precipitate  to  settle  out,  which  was  filtered  out  and  added  in  small  batches  to 
water.  Recrystallization  from  water  yielded  a  substance  with  a  m.p.  of  107*. 
which  exhibited  no  depression  when  mixed  with  2-amlno-5-nltropyridine. 

Condensation  of  g-Amlnopyridine  (By  the  Schmid  and  Becker  Method). 

A  mixture  of  4  g  of  a-amlnopyrldine  and  10  g  of  urea  was  heated  to  18O-I85® 
for  5  hours  over  an  oil  bath.  The  melted  mass  was  poured  into  water.  The  pre¬ 
cipitate  was  filtered  out  by  suction  and  desiccated. 

0.5  g  of  the  substance  was  boiled  with  10  ml  of  benzene.  The  undlssolved 
precipitate  was  filtered  out  by  suction,  desiccated,  and  weighed.  The  weight  of 
the  precipitate  had  not  changed,  which  indicates  that  no  N,N' -di-( pyr idyl-2) -urea 
was  present  in  the  mixture.  The  substance  is  insoluble  in  alcohol.  It  crystal¬ 
lizes  from  water,  but  does  not  fuse. 

H,N' -Di-(2-dimethylaminopyridyl-5)-urea 

A  mixture  of  I.5  g  of  2-dimethylamino-5-amlnopyridlne  and  0.5  g  of  urea 
Was  heated  for  4  hours  over  an  oil  bath.  ' 

The  dark  substance  that  resulted  was  washed  repeatedly  with  ether  and  benz¬ 
ene.  This  yielded  0.9  g  of  a  substance.  Double  crystallization  from  dilute  alco¬ 
hol  (5  parts  of  water,  7  parts  of  alcohol)  yielded  a  crystalline  substance  in  the 
form  of  silvery  lamellae,  (In  crystallization,  I5  parts  of  alcohol  were  taken  to 
1  pai’t  of  the  substance  by  weight.)  The  air-dried  substance  fused  at  252®. 

5.622  mg  substance;  O.85I  ml  N2  (25®,  741  mm). 

2.816  mg  substance;  0.662  ml  N2  (l9®,  749  mm). 

Found  ‘jo:  N  26,42,  26,76, 

C15H22N6O2.  Computed  N  26,  4l. 
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0.1154  g  Bubetance:  loss  .In  weight  (during  heating  to  100* 

In  vacuum)  -  O.OO6  g. 

Found  <f)i  loBs  In  weight  5.29. 

C15H20ON0H2O.  Computed  loss  In  weight  ^,66, 

SUMMARY 

%  1,  It  haB  been  found  that  heating  a-amlnopyrldlne  with  urea  to  150*  reBultB 

In  the  formation  of  a  molecular  compound  of  pyr idyl -2 -urea  with  urea,  which  1b 
tranBformed  Into  pyr Idyl -2 -urea  when  boiled  in  water. 

2.  It  haB  been  established  that  the  statements  of  Schmid  and  Becker  to  the 
effect  that  the  condensation  of  2-amlnopyrldine  with  urea  at  I80®  results  In  the 

•formation  of  N,N' -dl-(pyrldyl-2)-urea  are  false. 

3.  It  has  been  established  that  0.  Fischer's  assertion  that  the  condensation 
of  a-amlnopyrldlne  hydrochloride  with  potassium  cyanate  results  in  the  formation 
of  N-( pyr idyl -2) -urea  is  erroneous. 

4.  It  has  been  found  that  the  condensation  of  a-amlnopyrldlne  with  phosgene 
or  with  ethyl  carbamate  results  in  the  formation  of  N,N' -di-(pyridyl-2)-urea. 

5.  It  has  been  found  that  the  condensation  of  2-dimethylamlno-5-amlnopyrl- 
dine  with  urea  results  in  the  formation  of  N,N' -di- (2-dimethylaminopyr idyl-5 )- 
urea . 

f 

6.  It  has  been  found  that  the  condensation  of  3-amlnopyrldine  with  urea 
results  in  the  formation  of  N -pyr Idyl -3 -urea. 

V 
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THE  REACTION  OP  HETEROCYCLIC  AMINES  WITH  OREA 
II..  THE  REACTION  OP  SOME  AMINO  DERIVATIVES  OP  THIAZOLE  AND  QUINOLINE  WITH  UREA 

M.  P.  Gerchuk  ' 

Instltnte  of  Organic  CheBlntry,  088R  Aoadeay  of  8oienoo8 


No  research  has  been  done  as  yet  on  condensations  of  the  aminothlazoles 
with  urea.  We  have  made  a  study,  principally,  of  the  reaction  of  urea  with  2- 
amino-4-methylthlazole . 

Condensation  vas  performed  by  fusing  the  above-mentioned  substances  at 
l^O-lUO* ,  Two  substances  were  recovered  from  the  reaction  mixture:  l)  a  sub¬ 
stance  with  a  m.p.  of  236-238“,  which  is  soluble  in  water;  and  2)  a  substance 
with  a  m.jp.  of  2J0^  which  is  insoluble  in  water  or  in  most  organic  solvents 
and  crystallizes  oiit  of  pyridine.  Analysis  has  shown  that  the  substance  that 
Is  soluble  in  water  is  methylthlazoleurea,  while  the  substance  that  is  insoluble 
in  water  is  di- (methyl thlazolyl) -urea.  Hence,  the  reaction  proceeds  as  follows:, 


..U 


8  . 
NHs 


CONH2  (j) 

•  S  8 

'^^CONH  L,  JcHa  ^  ^  ^  ^ 


The  two  substances  were  separated  by  means  of  their  differing  solubility 
Iln  water.  We  proved  the  structure  of  N,N' -di-(4-methylthiazolyl-2)-urea  (ll) 
by  heating  this  substance  with  a  mixture  of  acetic  anhydride  and  sodium  acetate 
resulting  in  the  formation  of  2-acetoamlno-4-methylthiazole. 


(IT)  liesacoko 


.  =  CHaCOONa 


Ha 


NHCOCHa 


Th^'second  procedure  for  proving  the  structure  of  N,N' -dl-(4-methylthiaz- 
olyl-2)-urea  was  as  follows. 

(4-Methyl  thiazolyl-2) -urea: 


NHCOOC2H5 , 

vas  synthesized  for  the  first  time  by  reacting  the  chlorocarbonate  with  2-amlno- 
-4-methylthiazcle.  The  reaction  of  this  new  compound  with  2-amino-4-methylthia- 
zole: 
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8  8 
a 


HaCVj^^NHCOOCzHs  +  HaC'kj^NHa 


HaC 


a.  CONH  CJ 


N 

yielded  a  eubstance  that  was  the  same  as  (ll). 

We  proved  the  structure  of  Substance  (l)  by  demonstrating  that  It  was  con¬ 
verted  Into  (ll)  when  heated  above  Its  melting  point. 

*  It  Is  worthy  of  note  that  dimethyl  sulfate  reacts  differently  with  N-(U- 
methylthlazolyl-2)-urea  and  N,N' -di- (4-methyl thiazolyl-2) -urea.  N- (4 -methyl thla- 
zolyl-2)-urea  reacts  with  dimethyl  sulfate  to  form  methyl  sulfomethylate  (la); 


..o  NHCONHg 
CHa  OSO3CH3 


(la) 


whereas  heating  N,N' -di-(4-methylthlazolyl-2)-urea  with  dimethyl  sulfate  yields 
a  substance  whose  composition  is  that  of  the  product  of  the  substitution  of  two 
methyl  groups  for  hydrogen  atoms.  This  substance  apparently  has  the  following 
structure: 


CHa  CHa 


8 


or 


BqC 


N 
I 

CHa 


C0-N=C^CH3 

^Ha 


In  the  second  stage  of  our  research  we  made  a  study  of  the  reaction  of  the 
aminoqulnolines  with  urea.  Condensing  6-aminoquinollne  with  urea  yielded  N,N'- 
dl-(quinolyl-6)-urea  (ill).  This  method  of  synthesizing  the  substance  (III)  was 
more  satisfactory  that  that  of  Schonhofer  and  Henecka  [1],  which  Involved  the 
condensation  of  6-aminoquinollne  with  phosgene.  We  also  synthesized  N,N'-di- 
(qulnolyl-6)-urea  by  condensing  quinoyl -6 -urethane  with  6-amlnoquinollne.  We 
produced  N,N' -di-(l,2,3^4-tetrahydroqulnolyl-6)-urea  (IV)  by  hydrogenating  N,N*- 
di-(quinolyl-6)-urea  with  sodium  in  alcohol.  The  structure  of  this  substance 
was  proved  by  our  also  synthesizing  it  by  the  condensation  of  1, 2,3,4 -tetrahydro- 
— 6-amlnoqulnoline  (V)  with  ureas 
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We  synthesized  l,2,3,4-tetrahydro-6-aminoquinollne  (v)  by  hydrogenating 
-aminoquinoline  with  sodium  in  alcohol.  This  method  was  more  satisfactory  than 
other  procedures  for  synthesizing  Substance  (v). 
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(In  aoBOclatlon  with  D.  A.  Llvahlte) 

Condensing  g-nmlno-^-mcthyl thiazole  with  urea.  A  mixture  of  25  g  of  2-am- 
lno-4-methylthlazole  and  o.p  g  of  urea  was  placed  In  a  porcelain  crucible  and 
heated  over  a  low  Bunsen  burner  for  2.5  hours  while  stirred  with  a  glass  rod. 

The  temperature  of  the  reaction  mixture  was  kept  at  130-l40* .  At  the  start  of 
the  reaction  the  mass  looked  like  a  rather  mobile  liquid,  easily  stirred  with 
the  rod,  but  toward  the  end  It  thickened  so  much  that  further  stirring  became 
Impossible,  The  solidified  melt  was  pulverized  and  boiled  with  500  ml  of  water, 

In  which  only  a  small  portion  of  the  product  dissolved.  The  hot  solution  was 
suction-filtered.  A  dark  substance  (a)  remained  on  the  filter.  When  the  mother 
liquid  cooled  off,  colorless  crystals  (b)  settled  out.  The  product  (B)  was  ex¬ 
tracted  with  water  three  times,  after  which  It  was  crystallized  from  water  (l 
part  of  the  substance  to  50  parts  of  water) .  ,  ' 

'  2.862  mg  substance;  O.65O  ml  Ng  (20®,  761,8  mm). 

4.431  mg  substance;  5.941  ml  0.02  N  I2,  I.I78  ml  0.02  N  NaaSgOa. 

■4.154  mg  substance;  5.941  ml  0.02  N  I2,  1.559  nil  0.02  N  Na2S203 
•  ..  Found  N  26.555  S  19.77,  20.02. 

C5HTON3S.  Computed^;  N  26,755  S  20. 58. 

N-(4-Methylthlazolyl-2) -urea  Is  a  colorless  crystalline  substance,  hardly 
soluble  In  alcohol  and  Insoluble  In  ether  and  benzene.  It  crystallizes  from 
water  as  colorless  rhombic  crystals.  The  substance  first  fused  at  195-197**,  but 
solidifies  again  upon  further  heating  and  fuses  again  at  256-258*.  The  sub¬ 
stance  (a),  which  did  not  dissolve  in  water,  was  dried  and  recrystallized  three 
times  from  pyridine.  M,p.  270-270. 5®. 

5.200  mg  substances  I.019  ml  N2  (25®,  741.8  mm). 

•  4,200  mg  substance;  0.991  nil  N2  (25**,  741.8  mm). 

.Found  N  22.04,  22.24. 

-  CeHio0N4S2.  Computed  N  22. 05. 

N,N' -Di- (4-methyl thlazo3yl-2) -urea  is  not  soluble  In  water  or  ether,  and  I's 
poorly  soluble  in  hot  alcohol,  pyridine,  and  quinoline.  It  crystallizes  from 
pyridine  as  yellowish  crystals,  ,  ^ 

(4-Methyl thlazolyl-2) -urea  hydrochloride.  2  g  of  N-(4-methylthlazolyl-2)- 
urea  was  dissolved  in  6  ml  of  alcoholic  hydrochloric  acid,  and  10.  ml  of  alcohol 
and  20  ml  of  absolute  ether  were  added  to  the  solution.  The  substance  consisted 

of  acicular  colorless  crystals  with  a  m.p.  of  142-144*  (from  alcohol),  containing, 

one  molecule  of  water  of  crystallization,  as  shown  by  analysis.  The  anhydrous 
.salt  fused  at  176-177** 

2,850  mg  substance;  0.488  ml  N2  (19**,  757  nun). 

2,916  mg  substance;  0.495  nil  N2  (19“ ,  759  m®) . 

2.915  ®g  substance:  5«94l  ml  0.02  N  I2,  2.545  ml  0.02  N  Na2S203. 

4.158  mg  substance;  5.941  ml  0.02  N  I2,  1.955  ®1  0,02  N  Na2S203. 

Found  R  19.97,  19.805  S  15-57,  15.55. 

C5Ha0N3SCl*H20.  Computed  N  I9.865  S  15.15- 

0,8l46  g  substances  loss  at  100®  O.0716  g  H2O. 

Found  ^;.H20  8.79- 
C5Ha0N3SCl*H20.  Computed  H2O  8,51. 

Found;  M  195-2. 

C5HaON3SCl.  Computed;  M  195-5. 

Methylsulf omethylate  of  R-(4-methylthlaz3lyl-2)-urea.  A  mixture  of  2.8  g  of 
N- (methyl thia2olyl-2) -urea,  5*6  g  of  dimethyl  sulfate,  and  l4  ml  of  anhydrous  benz¬ 
ene  was  boiled  for  5  hours  over  a  water  bath.  The  precipitate  was  suction-filtered 


vaBhed  with  a  Email  quantity  of  alcohol,  and  desiccated  at  100*.  The  yield  vaa 
ei  the  m.p.  160-162*.  Crystallization  from  alcohol  yielded  2.9  g  of  a  Bub- 
Btance  with  a  m.p.  of  I6O-I62® .  The  substance  consisted  of  colorless  cubic 
crystals,  readily  soluble  In  cold  water  and  In  hot  alcohol. 

3.852  mg  substance;  0.488  ml  N2  (20®,  751  mm). 

3.770  mg  substance;  0.478  ml  N2  (22®,  751  mm). 

,  .  ,  "  ,  Found  $>:  N  14.49#  14.50. 

!  C7E,  3O5N3S2.'  Computed  N  14,84 .- 

•Action  of  dimethyl  sulfate  on  N.N' -dl-(4-methylthlazolyl»2)-urea.  A  mix¬ 
ture  of  4.6  g  of  N,N' -dl-(4-methylthlazolyl-2)-urea,  6,1  g  of  dimethyl  sulfate, 
and  24  g  of  benzene  was  boiled  for  three  hours  over  a  water  bath.  After  the  re¬ 
action  was  over,  an  oily  substance  covered  the  bottom  of  the  flask.  The  benzene 

was  decanted  off,  and  the'  oily  product  was  triturated  In  alcohol,  ■which  resulted 
In  crystallization  of  the  substance.  This  yielded  3.5  g  of  a  substance  with  a 
m.p.  of  177*,  which  was  recrystalllzed  from  nitrobenzene.  The  substance  fused  at 
228®  after  the  first  recrystalllzatlon,  at  251®  after  the  second,  and  at  231® 
after  the  third. 

The  substance  Is  Insoluble  In  water,  poorly  soluble  In  alcohol,  and  soluble 
In  hot  nitrobenzene. 

3*910  mg  substance;  0,705  ml  N2  (25®#  747  mm). 

•  3*860  mg  substance;  O.689  ml  N2  (25®#  745  mm),  ' 

Found  N  20.25,  20.04. 

C11H14ON4S2.  Computed^;  N  19.86. 


Actflon  of  a  mixture  of  acetic  anhydride  and  sodium  acetate  upon  N,N*-dl- 
'  -  (4-methyl thlazolyl-2)  -urea.  A  mixture  of  1  g  of  N,N'  -dl-(4-methylthlazolyl-2)- 
urea,  0.5  g  of  sodium  acetate,  and  4.8  g  of  the  acetic  anhydride  was  boiled  over 
a  screen  for  4  hours.  The  precipitate  was  filtered  out** with  suction.  The  fil¬ 
trate  was  diluted  with  40  ml  of  water  and  neutralized  with  soda.  The  precipitate 
that  settled  out  of  the  solution  was  suction-filtered,  washed  with  water,  and  re¬ 


crystalllzed  from  alcohol.  M.p.  130-133®.  A  test  sample  mixed  with  2-acetylamlno 
-4-methylthlazole  exhibited  no  depression. 


'  N- (4-Methyl thlazolyl-2)-ure-bhane.  1.2  g  of  chlorocarbonlc  ester  was  added 
drop  by  drop  to  a  solution  of  1.6  g  of  2-amlno-4 -methyl thlazole  In  20  ml  of  ab¬ 
solute  ether.  As  the  ester  was  added,  the  solution  turned  cloudy,  and  crystals 
settled  to  the  bottom  of  the  flask  together  with  an  oily  substance  which  soon 
crystallized.  A  10^  soda  solution  was  added  to  the  reaction  mass.  Two  layers 
resulted;  an  aqueous -alkaline  layer  (A)  and  an  ether  layer,  which  contained  color¬ 
less  crystals  (b)^  In  suspension.  The  ether  layer  \*as  separated,  and  the  crystals 
were  filtered  out  with  suction.  The  ether  was  driven  off.  The  substeuice  secured 
after' the  ether  had  been  driven  off  was  combined  with  the  crystals  (B)  and  crys¬ 
tallized  from  alcohol.'  M.p.  99-100®* 

N-(4-Methylthlazolyl-2) -urethane  Is  a  colorless  substance  that  Is  Insoluble 
In  water  and  readily  soluble  In  ether.  It  Crystallizes- from  alcohol  as  colorless 
crystals. 

4.190  mg  substance;  O.55I  ml  N2  (20®,  747  mm). 

3.820  mg  substance;  O.512  ml  (24®,  747  mm). 

Found  N  15. 05,  15.14. 

C7H10O2N2S.  Computed  N  I5.O5. 


The  aqueous-alkaline  layer  (A)  was  extracted  with  ether.  The  oily  substance 
left  after  the  ether  had  been  driven  off  was  dissolved  In  alcohol  and  decanted 
from  the  alcoholic  solution  Into  picric  acid.  The  resulting  plcrate  fused  at  222- 
225®  after  crystallization  from  alcohol.  A  test  sample  mixed  with  the  plcrate  of 
2-amlno-4-methylthiazole  exhibited  no  depression. 


I 


CondenPlng  g-pyr  idyl  urethane  with  2-amlno-U-thla7.ole.  A  mixture  of  2  g  of 
a-pyridylurethane  and  1.6  g  of  2-amlno-4-methylthlazole  was  heated  to  150"  for 
3  hours  over  an  oil  bath.  At  first  the  mass  fused,  solidifying  immediately 
thereafter.  The  solidified  mass  was  triturated  and  repeatedly  boiled  with  water. 
The  substance  (a)  that  was  Insoluble  in  water  was  filtered  out  with  suction. 

When  the  filtrate  cooled,  the  substance  (B)  settled  out)  it  fused  at  175-177" 
after  double  recrystallizatlon  from  water. 

4.017  mg  substance;  0.860  ml  N2  (21",  737  mm). 

3.717  mg  substance!  O.795  ml  N2  (21",  74l  mm). 

Found  ^!  N  24.11,  24,21. 

C10H10ON4S.  Computed  N  23.93. 

Analysis  indicated  that  the  substance  (b)  has  the  composition  of  N-(4- 
methylthiazolyl-2) -N' -(pyridyl-2) -urea. 

The  substance  (B)  that  was  insoluble  in  water  was  recrystallized  from 
pyridinej  m.p.  264-266".  A  test  sample  mixed  with  N,N» -di- (4-methyl thiazole-2)- 
urea  exhibited  no  depression. 

Condensing  (4-methylthiazolyl-2) -urethane  with  2-amino-4-methylthiazole. 

A  mixture  of  O.5  6  of  (4^methylthiazolyi-^urethane  and  O.3  g  of  2-^ino-4 -methyl - 
thiazole  was  heated  over  a  screen.  The  product  melted,  and  alcohol  was  evolved. 
The  mixture  solidified  after  a  time.  The  yield  was  0.7  g.  Crystallization  from 
pyridine, yielded  a  substance  with  a  m.p.  of  267-268".  A  test  sample  exhibited 
no  depression  when  mixed  with  II,N' -di-(4-methylthiazolyl-2)-urea.  Yield  O.3  g. 

Hydrogenation  of  6-aminoquinoline.  6  g  of  6-^inoquinollne  was  dissolved 
in  120  ml  of  amyl  alcohol,  and  the  solution  was  placed  in  a  flask,  fitted  with 
a  reflux  condenser,  a  stirrer,  and  a  side  outlet.  The  flask  was  heated  to  I3O- 
150"  over  an  oil  bath,  and  12  g  of  metallic  sodium  was  added  to  the  solution 
at  this  temperature  with  constant  stirring.  After  all  the  sodium  had  been  added, 
the  mixture  was  decomposed  with  water.  The  amyl-alcohol  layer  was  extracted  with 
hydrochloric  acid.  Alkalinization  resulted  in  the  recovery  of  an  oily  substance, 
which  was  extracted  with  ether.  The  ether  was  driven  off,  and  the  residue  was 
distilled,  B.p.  15O-I35"  at  1  mm)  m.p.  95-97*  (Ziegler  gives  the  m.p.  as  97*). 

When  the  substance  is  reacted  with  ferric  chloride  in  dilute  acetic  acid, 
the  solution  turns  red,  changing  to  green  after  dilute  hydrochloric  acid  is 
added. 

'  Condensing  6-amino-l,2,3,4-tetrahydroquinoline  with  urea.  A  mixture  of 
1  g  of"  6  amino  - 1 , 2  ,y,  4  -t  e  trahydroquinol  ine  and  0.2  g  of  urea  was  heated  to  120- 
130*  for  4  hours,  I5  minutes  after  heating  was  begun,  ammonia  was  evolved  at 
125*,  which  was  pro''^ed  by  the  evolution  of  bubbles  of  gas,  by  its  odor,  and  by 
its  turning  litmus  paper  blue.  After  the  dark  melt  had  cooled,  it  was  pulverized 
and  boiled  with  alcohol.  This  yielded  0.5  g  of  a  substance  with  a  m.p.  of  237- 
240" .  The  substance  turns  red  when  reacted  with  ferric  chloride  in  dilute  acetic 
acid,  changing  to  green  when  dilute  hydrochloric  acid  is  added.  Crystallization 
from  pyridine  yields  colorless  crystals  in  the  shape  of  lamellar  needles.  M.p. 
239-240.5".  The  substance  is  insoluble  in  hot  alcohol,  benzene,  and  water. 

2,685  nig  substance:  0.409  ml  N2  (20",  744  mm). 

2.379  nig  substance;  O.368  ml  N2  (20",  744  mm). 

Found  N  17-57,  17-64.  ' 

CieH220N4.  Computed  N  17-59 - 

4.195  nig  substance;  10.945  nig  CO25  2.595  nig  H2O. 

3.602  mg  substance:  9-423  mg  CO2)  2.260  mg  HgOv 
Found  C  71-20,  71-59;  H  6.92,  7-02. 

C19H22ON4.  Computed  C  7O-8I;  ,  H  6.83. 
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N.N*  ■■Dl-fl  .g.5.4~tetrahyiroqulnolyl-6)-urcH  hydrochlorldeV  O.5  g  of  N,N'- 
dl-(l;2,3,4-tetrahydroqulnolyl-0)-urea  wai~ treated  with  alcoholic  hydrochloric 
acid  and  ether.  This  yielded  a  substance  of  m.p.  25U®. 

5*648  mg  substance;  2.615  mg  AgCl. 

•  5,422  mg  substance:  5*675  ®g  AgCl. 

‘  Found  Cl  17 *75;  17*67* 

C10H24ON4CI2*  Computed  Cl  17*97*  - 

Bynthesls  of  N  ,N' -dlquliiolyl-»6  urea.  1.  Condensation  of  6-amlnoqulnollne 
with  urea.  A  mixture  of  o  g  of  o-amlnoquinollne  and  I.76  g  of  urea  was  heated 
to  I5O-I6O*  for  10  hours  over  an  oil  bath.  Ammonia  was  liberated  during  the  re¬ 
action.  The  mixture  solidified  after  heating  was  over.  The  melt  was  pulverized 
and  dissolved  in  dilute  hydrochloric  acid.  The  base  was  precipitated  with  aqueous 
ammonia,  desiccated,  and  crystallized  from  aqueous  alcohol.  M.p.  272-275**  The 
m.p,  was  275-'274*  after  repeated  crystallization  from  alcohol  and  from  nitrobenz¬ 
ene  (SchSnhofer  and  Henecka  give  the  m.p»  as  260-262*). 

2«  Condensing  (qulnolyl-6) -urethane  with  6-^lnoquinoline.  1  g  of  6-amlno- 
qulnollne  was  triturated  with  I.5  g  of  (qulnolyl-6) -urethane.  The  mixture  was 
placed  in  a  Wurtz  flask  and  heated  for  I.5  hours  over  a  metallic  bath  at  a  tem¬ 
perature  of  I6O-I7O®  (the  temperature  of  the  reaction  mixture  being  140-150®). 

The  alcohol  driven  off  during  the  reaction  was  collected  in  a  receiver.  This 
yielded  0,2  g  of  alcohol.  The  substance  remaining  in  the  Wurtz  flask  fused  at 
196-200® .  The  substance  fused  at  266-268*  after  crystallization  from  aqueous 
alcohol.  Yield  1.2  g. 

Hydrogenation  of  N ,N* -dl-4ulnolyl-6)-urea.  A  solution  of  5  g  of  N,N'-di- 
(qulnolyl-6y-urea  in  120  ml  of  absolute  ethyl  alcohol  was  placed  in  a  flask  fit¬ 
ted  with  a  reflux  condenser,  a  stirrer  and  a  stoppered  outlet.  The  flask  was 
placed  over  an  oil  bath  and  heated  to  9O-IOO* *  At  this  temperature,  7  g  of  metal¬ 
lic  sodi\im  was  added  in  small  batches  with  constant  stirring;  hydrogen  was  liber¬ 
ated,  and  the  liquid  boiled.  After  all  the  sodium  had  been  added,  water  was  ad¬ 
ded  to  the  mixture.  The  resulting  precipitate  was  filtered  out  with  suction, 
washed  with  water,  and  desiccated.  The  substance  is  insoluble  in  water,  nearly 
insoluble  in  alcohol,  and  soluble  in  hot  nitrobenzene  and  pyridine.  M.p,  200®. 

M.p.  216-218®  after  crystallization  from ^nitrobenzene;  the  substance  fused  at  254- 
259®  after  subsequent  recrystallizatibn  from  pyridine.  A  test  sample  exhibited 
no  depression  when  mixed  with  the  condensation  product  of  6-amino-l,2,3,4-tetra- 
hydroquinoline  and  urea  (m.p.  259«0~240,5* ) .  The  substance  turns  red  when  reacted 
with  ferric  chloride  in  acetic  acid,  cheuaging  to  green  with  dilute  hydrochloric 
acid,  .  '  , 

The  identity  of  Substance  (a),  synthesized  by  hydrogenating  N,N' -di-(quln- 
olyl-6)-urea,  and  Substance  (b),  produced  by  condensing  urea  with  6-amlno-l,2,3,4- 
tetrahydroquinoline ,  is  evident  from  a  comparison  of  their  properties; 


Melting  point  . .  234-239®  '  239-240,5® 

Mixed  sample,  m.p .  236-239® 

Color  with  ferric  chloride 

in  acetic  acid . .  Red,  cheinglng  to  The  same 

green  when  hydro¬ 
chloric  acid  is 
added 

Kind  of  crystals . . .  Lamellar  needles  Leunellar  needles 

Solubility  in  alcohol .  Poor  Poor 

Solubility  in  pyridine .  Poor  •  Poor 
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SUMMARY 


1,  It  hao  been  found  that  condensing  2-anilno-U-methylthlazole  with  urea 
yields  N-(4-methylthlazolyl-2) -urea  and  N ,N' -di-(4-methylthlazolyl-2)-urea. 

2.  It  has  been  shown  that  condensing  6-amlnoqulnollne  with  urea,  as  well 
as  with  (qulnolyl -6) -urethane,  yields  N,N' -dl-(qulnolyl-6)-urea. 

J.  It  has  been  found  that  hydrogenating  N,N' -dl-(quinolyl-6)-urea  or  con¬ 
densing  l,2,5^4-tetrahydro-6-aniinoqulnoline  with  urea  yields  N,N'-di-(l,2,5,4- 
tetrahydroqulnolyl-6) -urea. 

LITERATURE  Cl- TED 
[i]  Sch'dnhofer  and  Henecka.  German  patent  5^3207. 

Recclred  September  13,  1948.  ’  *  . 
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EXCHANGE  REACTION^  OP  UREA  DERIVATIVES 


M.  P.  Gerchuk,  •  D.  A-  Livshitz  and  S.  Z. ;  Taits. 

Institute  of  Organic  Chenlstry.-  UB6R  Acadesy  of  Sciences 


In  our  study  of  the  heterocyclic  derivatives  of  urea,  ve  synthesized  N,N<- 
di-(U-methylthiazolyl-2)-urea  (l)  among  other  substances.  The  base  recovered 
from  the  reaction  was  difficultly  soluble  in  the  usual  inert  solvents.  On  the 
strength  of  this  we  tried  to  recrystallize  it  from  aniline,  in  which  it  was 
readily  soluble.  The  substance  dissolved  in  aniline  after  brief  heating.  After 
the  solution  cooled,  aclcular  crystals,  which  were  N,N' -dlphenylurea,  with  a  m.p. 
of  256"  settled  out  of  the  mother  liquor.  This  led  us  to  the  following  conclu¬ 
sion;  when  N  N' -di- (4-methyl thiazolyl-2) urea  is  heated  with  aniline,  it  is  trans¬ 
formed  into  N,N' -dlphenylurea  aS'  follows; 

We  were  also  Interested  in  making  a  study  of  the  applicability  of  this  kind 
of  substitution  reaction  to  other  derivatives  of  urea.  With  this  in  view,  we 
reacted  aniline  with  various  heterocyclic  derivatives  cf  urea,  in  all  cases  re¬ 
covering  N,N' -dlphenylurea  and  heterocyclic  amines.  Thus,  heating  N,N' -dl-(pyr- 
idyl-2)-urea  with  an  excess  of  aniline  yields  N,N' -dlphenylurea  and  2-aminopyr- 
Idine : 

ac«o  -cT 

N  N  '  .  ^  N 

Heating  K,N’ -dl-(quinolyl-6) -urea  with  an  excess  of  aniline  gives  rise  to 
H,N' -dlphenylurea  and  6-aminoquinoline.  In  the  same  way,  dlphenylurea  and  2- 
methoxy-6-chloro-9-aminoacridine  are  produced  by  heating  N,N'-dl-(2-methoxy-6- 
chloroacrldyl-9) -urea  with  aniline.  The  exchange  reactions  of  urea  derivatives 
are  reversible.  In  our  subsequent  study  of  these  exchange  reactions,  we  employed 
primary  amines  and  substituted  ureas,  reacting  them  together  in  the  following 
pairs: 

,  p-Amlnodipropylaniline  +  N,N' -dlphenylurea 

p-Amlnodlpropy lanlllne  +  N,N' -di-(4-methylthlazolyl-2)-urea 
Benzylamine  +  N,N' -di- (4-methyl thlazolyl-2) -urea 
i  Benzylamine  +  N,N‘ -dlphenylurea 

2-AmJiio-4-methylthiazole  +  N,N’ -dlphenylurea 
a-Aminopyridlne  +  N,N' -dlphenylurea 

•  With  the  exception  of  the  last  reaction,  all  these  substitution  reactions 
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reeulted  In  the  formation  of  symmetrical  urea  derivatives,  as  follows! 

RNHCONIIR  2R'NH2  R'NHCONHR'  +  2RNtl2 

the  reaction  between  2-amlnopyTldlne  and  N,N' -dlphenylurea  proceeding  as  follows: 

^  RNHCONHR  +  R'NH^  y-'=T*  R'NHCONHR  +  RNHs. 

The  reactions  between  p-nltroanlllne  and  N,N' -dlphenylurea,  between  6-amlno- 
qulnollne  and  dlphenylizrea,  and  between  aniline  and  N,N' -dl-(4-dlpropylamlnophenyl)- 
urea,  however,  did  not  take  place  under  the  conditions  we  ordinarily  employed  for 
the  substitution  reactions.  Later  on,  in  our  study  of  the  mechanism  of  the  ex-  | 
change  reactions  of  urea  derivatives,  we  discovered  the  explanation  for  this  fact. 

We  carried  out  all  the  exchange  reactions  either  without  any  solvent  or  in 
a  solution  of  phenol,  tetralin,  or  turpentine.  The  minimum  temperature  at  which 
the  reaction  sets  in  Is  150-140® .  '  '  ■ 

Our  searches  have  not  turned  up  any  papers  in  the  literature  that  are 
specially  devoted  to  the  exchang2  reactions  of  urea  derivatives.  In  indlvdual 
papers  merely  a  few  Instances  are  cited  of  reactions  of  this  type,  described  by 
the  authors  In  papers  dealing  with  altogether  different  topics.  Hofmann  [i],  for 
example,  compared  the  properties  of  acetamide  and  urea  derivatives,  and  found 
that  boiling  aniline  with  N-methyl-N' -acetylurea  yields  ammonia,  methylamlne, 
acetanilide,  and  dlphenylurea.  Mlchler  [2]  produced  N,N' -di-(p-tolyl) -urea  by 
heating  N,N-diphenyl-N' -p-tolylurea  with  p-toluidine.  Exchsuige  reactions  of  the 
aryl  phthalamlc  acids  have  also  been  described.  B.A.  Porai-Koshlts  [3],  for  Ins¬ 
tance,  secured  N-phenylphthalamlc  acid  and  methylaniline  by  reacting  aniline  with 
N -phenyl -N -me thy Iph thalamic  acid.  Other  instances  of  this  sort  have  also  been 
described  [4].  .  . 

The  literature  contains  little  on  the  mechanism  of  reversible  reactions 
between  the  primary  amines  and  urea  derivatives.  Tenney  and  Davis  [5]  state 
their  views  concerning  the  mechanism  of  only  one  reaction,  viz. ;  the  reaction 
between  N,N' -dlethylurea  and  ELniline; 

C2H5NHCONHC2H5  +  2C6H5NH2  ^  CeHsNHCONHCeHs  +  2  C2H5NH2. 

,  To  explore  the  mechanism  of  reversible  reactions  of  the  urea  derivatives 
experimentally,  we  raji  tests  that  had  as  their  objective  settling  the  quantita¬ 
tive  aspects  of  the  problem  and  determining  how  the  reactions  between  urea  deriv¬ 
atives  and  amines  with  different  basic  properties  would  proceed.  We  did  this  by 
reacting  N,N' -dlphenylurea  under  constant  conditions  with  the  following  amines: 
p-nitroaniline ,  benzylamine,  and  p-aminodimethylaniline  (using  2  mols  of  the 
amine  per  mol  of  the  dlphenylurea) .  The  qualitative  question  of  whether  the  ex¬ 
change  reaction  takes  place  was  resolved  by  the  formation  of  aniline.  The  reac¬ 
tion  yield  was  measured  by  the  quantity  of  the  newly  formed  urea  derivative  (ill). 

The  results  of  our  tests  showed  that  the  more  pronounced  the  basic  proper¬ 
ties  of  the  amine  \l),  the  higher  the  yield  of  the  substituted  urea  (III). 

RNHCONHR  +  2R'NH2  R'NHCONHR'  +  2RNH2. 

(II)  ■  (I)  ’  (III)  ■  ,  '  ■ 

We  may  conclude  from  our  data  that  when  primary  amines  are  reacted  with  a' 
substituted  urea,  the  equilibrium  is  displaced  toward  the  formation  of  the  amine 
whose  basic  properties  are  less  pronounced. 

When  we  compare  this  conclusion  with  the  fact  that  aryl  Isocyanates  combine 
readily  with  amines  possessing  strongly  pronounced  basic  properties,  as  has  been 
shown  by  Michael  and  Cobb  [e],  the  reason^for  this  sort  of  equilibrium  shift  is 


964 


TABLE  1 


Test 

No. 

Name  of  amine  (l) 

Dissociation  constant 
of  the  amine 

Reaction 
yield,  i 

1 

p-Nltroanlllne . . . . 

1‘10‘^2 

0 

2 

o-Amlnoquinollne  . . . 

- 

0 

5 

2-Aminoquinoline  . . 

1.4*10“’^ 

16.3 

k 

£-Amlnodlpropylanlllne  . 

- 

43.9 

5 

p-Amlnodimethylanlllne  . 

5.0- 10"^  ‘ 

77.2 

6 

Benzylamine  . 

2.4*10"5 

100 

obvious,  and  we  find  a  clearer  basis  for  the  mechanism  of  the  reactions  of  primary 
amines  with  urea  derivatives  via  the  preliminary  formation  of  aryl- (alkyl)  isocyan¬ 
ates. 

At  bottom,  when  a  primary  amine '(A)  Is  heated  together  with  a  symmet¬ 
rically  substituted  urea  (B),  the  latter  breaks  down  into  an  isocyanate  (C)  and  a 
primary  amine  (D): 

RNHCONHR  7“*  RNCO  +  RilH2. 

(B)  ■  (C)  (D) 

-  When  the  basic  properties  of  the  amine  (D)  are  greater  than  those  of 
the  amine  (A),  the  Isocyanate  will  enter  into  reaction  only  with  the  amine  (d), 
giving  rise  to  the  initial  urea  derivative,  (b) .  (in  other  words,  the  exchange  re¬ 
action  does  not  take  place.)  Conversely,  l.e.,  when  the  amine  (a)  is  more  basic 
than  the  amine  (D),  the  isocyanate  will  enter  into  reaction  with  amine  (a),  yield¬ 
ing  an  unsymmetrlcally  substituted  urea: 

RNCO  +  R'NH2  =  RNHCONHR'. 

(A) 

which  is  converted  into  R'NHCONHR'  as  the  result  of  analogous  changes. 

•When  p-nitroanlllne  is  heated  with  N,N' -diphenylurea,  for  example, 
the  latter  breaks  down  into  aniline  and  phenyllsocyanate; 


•O  NHCONH  O 


o«=*  O 


NCO 


In  view  of  the  fact  that  £-nitroaniline  is  less  basic  than  aniline,  it 
will  not  react  with  the  phenyl  Isocyanate.  As  a  matter  of  fact,  our  experiments 
have  shown  that  the  reaction  of  p-nitroaniline  with  N,N' -diphenylurea  does  not 
result  in  the  formation  of  N,N' -di- (4-nltrophenyl)-urea  under  ordinary  conditions. 

When  2-aminodipropylanillne  is  heated  with  N,N' -diphenylurea,  the  re¬ 
action  proceeds  as  follows;  the  phenyl  Isocyanate  formed  as  the  result  of  the  de¬ 
composition  of  the  diphenylurea  will  react  with  the  p-amlnodipropylanlline  (because 
this  amine  is  more  strongly  basic  than  aniline),  yielding  N-phenyl-N' - (dipropyl- 
amlnophenyl) -urea; 


O  NCO  +  H2  o  (CaHr): 


^  ^  NHCONH^  ^(C3E7)g; 


'dilch  in  turn  yields  N,N' -di-(4-dipropylamlnophenyl)-urea  as  the  result  of  further 
transformations  of  the  same  type; 

O  NHCONH^  ^  ( C3H7 )  2  ^  (C3H7)2N^^"“^C0  +  ^ 


O' 


HgR^  ^(C3H7)2 

'*'  ___  ’ 

■  ■  ■  (C3H7)2N^^NHC0NH^^N(C3H7)2 

In  fact,  our  experiments  have  shown  that  the  reaction  of  p-amlrodipropylanillne 
with  N,N' -dlphenylurea  results  in  a  high  yield  of  N,N* -di- (U-dlpropylaminophenyl)- 


urea; 

2NH 


O  (C3H7)2  +  o  NHCONH  O'O  NHg  + 

(C3H7)2l^^  ^C0N^"~^(C3H7)2- 

.  '  .  EXPERIMENTAL 

*  •  '  Experiments  on  the  Reaction  of  Substituted  Ureas  with  an 
•  Excess  of  Primary  Amines 


1.  Reaction  of  aniline  with  N.N* -dl-(4-methylthlazolyi-2)-urea.  0.5  g  of 
N,N'  -di- (4-methyl thiazolyl-2) -urea  was  heated  with  10  ml  of  aniline  to  l80®  for 
30  minutes.  After  the  solution  had  cooled,  colorless  acicular  crystals,  with  a 
m.p.  of  23^-236®,  settled  out.  A  test  sample  exhibited  no  depression  when  mixed 
with  N,N' -dlphenylurea. 

2.  Reaction  of  aniline  with  N- (U-methylthia2olyl-2)-urea.  1  g  of  N-(4- 
methylthlazolyl-2) -urea  was  heated  to  180®  with  30  ml  of  aniline  for  20  minutes. 
The  crystals  that  settled  out  when  the  solution  cooled  were  filtered  out  with  suc¬ 
tion  and  washed  with  alcohol.  M.p.  235“.  A  test  sample  exhibited  no  depression 
when  mixed  with  N,N‘ -dlphenylurea. 


3.  Reaction  of  aniline  with  N,N*  rdl-(pyrldyl-2)-urea.  A  mixture  of  0.3  g 
of  N,N' -di-(pyr idyl-2) -urea  and  10  ml  of  aniline  was  boiled  for  40  minutes.  After 
heating,  the  reaction  mass  was  treated  with  hydrochloric  acid.  The  precipitate 
was  filtered  out  and  treated  with  water.  The  portion  that  was  Insoluble  In  water 
was  separated  and  crystallized  from  alcohol.  When  the  mother  liquor  cooled,  color¬ 
less  acicular  crystals  with  a  m.p.  of  236-237“  settled  out.  A  test  sample  exhib¬ 
ited  no  depression  when  mixed  with  N,N’ -dlphenylurea. 

The  aqueous  solution  was  treated  with  an  alkali  solution  and  extracted 
with  ether.  An  ether  solution  of  picric  acid  was  added  to  the  ether  extract. 

This  resulted  In  the  precipitation  of  a  picrate  with  a  m.p.  of  217“,  which  exhib¬ 
ited  no  depression  when  mixed  with  the  picrate, of  a-aminopyridine. 

4.  Reaction  of  aniline  with  N,N* -dl-(qulnolyl-6)-urea.  0.8  g  of  N,N'-di- 
(quinolyl-6) -urea 'was  heated  to  l80°  with  20  g  of  aniline  for  1  hour.  "After  it 
had  cooled,  the  reaqtion  mass  was  acidulated  with  hydrochloric  acid.  The  pre¬ 
cipitate  that  formed  was  filtered  out  with  suction  and  treated  with  water.  The 
substance  that  did  not  dissolve  in  water  was  separated  and  recrystallized  from 
acetone.  M.p.  237-238®.  A  test  sample  mixed  with  dlphenylurea  exhibited  no  de¬ 
pression.  The  aqueous  solution  was  treated  with  a  solution  of  potassium  hydroxide 
and  extracted  with  ether.  The  ether  was  driven  off,  and  the  residue  was  treated 
with  steam  until  all  the  aniline  had  been  driven  off.  The  solution  remaining  in 
the  distilling  flask  was  mixed  with  an  aqueous  solution  of  picric  acid.  Yellow 
acicular  crystals  with  a  m.p.  of  236®  settled  out.  The  m.p.  was  237-238®  after 
recrystallization  from  alcohol.  A  test  sample  exhibited  no  depression  when  mixed 
with  the  picrate  of  6-aminoqulnoline. 


5.  Reaction  of  aniltre  with  N,N' -di-(2-methoxy-6-chloroacr idyl-9) -urea •  0 . 5  fc 
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of  N,N'-dt-(2-methoxy-6-chloroacrldyl-9)-urea  was  boiled  with  5  ml  of  aniline. 

The  base  dlsBOlved  within  a  short  time.  Further  heating  caused  a  solid  substance 
to  rise  to  the  surface  of  the  liquid.  After  3  hours  of  heating^  the  mixture  was 
cooled  and  dilute  hydrochloric  acid  was  added.  The  precipitate  that  did  not  dis¬ 
solve  In  the  acid  was  filtered  out  by  suction,  washed  with  water,  and  dried.  The 
dried  substance  was  boiled  with  acetone.  The  precipitate  that  did  not  dissolve  in 
acetone  was  separated  and  washed  with  an  alkali  solution.  M.p.  274®.  A  test  sam¬ 
ple  exhibited  no  depression  when  mixed  with  2-methoxy-6-chloro-9-amlnoacrldlne. 

Aclcular  crystals  with  a  m.p.  of  230-235® '  settled  out  of  the  acetone.  A 
test  sample  exhibited  no  depression  when  mixed  with  dlphenylurea. 

6.  Reaction  of  2-amlno-4-methylthlazole  with  N,N* -dlphenylurea.  A  mixture 
of  1  g  of  N,N’ -dlphenylurea  and  5  6  of  2-amlno-4-methylthlazole  was  heated  to  l60® 
for  2  hours.  The  mass  was  treated  with  ether  when  it  had  cooled.  The  residue 
that  did  not  dissolve  In  the  ether  was  filtered  out  with  suction,  washed  with  ether, 
and  recrystallized  from  pyridine.  M.p.  264-265®.  A  test  sample  exhibited  no  de¬ 
pression  with  the  N,N' -dl- (4-methyl thiazolyl-2) -urea  secured  by  us  by  condensing 
2-amino-4-methyl-thiazole  with  urea. 


Reaction  of  N ,N* -Dlphenylurea  with  Equimolar  Quantities  of  Various  Amines 

1.  Reaction  with  Benzylamlne.  A  solution  of  2.1  g  (0.01  mol)  of  diphenyl- 
urea  and  2.1  g  (0.02  mol)  of  benzylamlne  In  8  ml  of  tetralin  was  heated  to  l80®  for 
4  hours.  The  tetralin  was  driven  off  with  steam  together  with  aniline.  An  oily 
substance  that  soon  crystallized  was  left  behind  in  the  flask.  This  yielded  2.4 
g  of  a  substance  (100^  of  the  computed  quantity).  The  substance  fused  at  l62-l65® 

I  after  crystallization  from  alcohol.  A  test  sample  exhibited  no  depression  when 
I  mixed  with  N,N' -dibenzylurea. 


I  2.  Reaction  with  p-amlnodlmethylanlllne.  A  solution  of  4.2  g  (0.02  mol) 

iof  dlphenylurea  and  5-4  g  (0.04  mol)  of  £-aminodimethylanillne  in  20  ml  of  turpen¬ 
tine  was  heated  to  l80®  for  4  hours.  After  heating  was  over,  the  aniline  and  the 
I  turpentine  were  driven  off  with  steam.  The  precipitate  that  remained  in  the  flask 
I  was  treated  with  hydrochloric  acid.  The  acid  solution  was  filtered  and  thei%», treated 
I  with  an  alkali  solution.  The  precipitate  that  was  thrown  down  was  filtered  out 
I  with  suction  and  washed  with  hot  water.  This  yielded  4.6  g  of  a  substance  (77*18^ 

I  of  the  theoretical).  Its  m.p,  was  236-241®  after  crystallization  from  nitrobenzene- 
I  A  test  sample  exhibited  no  depression  when  mixed  with  N,N' -di-(4-dimethylamlno- 
|  phenyl) -urea. 


1  3«  Reaction  with  p-amlnodlpropylaniline.  5*3  g  (0.025  mol)  of  diphenyl - 

I'  urea,  9.6  g  (O.O5  mol)  of  freshly  distilled  p-aminOdipropylaniline,  and  I5  g  of 
anhydrous  phenol  were  placed  in  a  round-bottomed  flask  fitted  with  a  reflux  con¬ 
denser  and  heated  to  I80®  over  an  oil  bath  for  4  hours.  The  reaction  product, 
which  w'as  a  dark  oily  substance  with  a  bluish  tinge,  was  dissolved  in  alcohol.  Yel¬ 
low  aclcular  crystals  settled  out;  they  were  filtered  out  and  washed  with  alcohol. 
The  yield  was  4.5  g  (43.9^  of  the  computed  quantity).  A  test  sample  exhibited  no 
depression  when  mixed  with  N,N' -di- (4-dipropylaminophenyl)-urea. 

s  The  alcoholic  filtrates  were  treated  with  an  alkali  solution  (6.7  g  of 

j  HaOH  in  70  ml  of  water),  and  the  whole  was  distilled  with  steam.  This  drove  off 
I  the  alcohol  and  the  aniline.  The  residue  in  the  distilling  flask  was  an  oily  sub- 
i  stance,  part  of  >diich  crystallized  after  benzene  had  been  added  and  it  was  rubbed 

1  with  a  rod.  The  crystallized  portion  was  separated.  M.p.  238®.  A  test  sample 
1  exhibited  no  depression  when  mixed  with  dlphenylurea.  The  oily  portion  was  appar- 
j  ently  the  product  of  the  reaction  of  p-amlnodipropylaniline  with  phenol. 

;  4.  Reaction  with  a-aminopyridd^.  A  mixture  of  10.6  g  (O.O5  mol)  of  N,N'- 
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dlphenylurca,  9.^  g  (O.l  mol)  of  a-ominopyridlne,  and  30  g  of  anhydrouo  phenol  was 
heated  to  iBO"  (bath  temperature)  for  U  hours  over  an  oil  bath.  After  this  heating, 
the  reaction  mass  vae  treated  with  I50  ml' of  a  10^  solution  of  potassium  hydroxide. 
The  precipitate  that  was  thrown  down  was  separated  from  the  mother  liquor  and  treat¬ 
ed  with  steam.  After  all  the  aniline  had  been  driven  off^  the  precipitate  was  filter¬ 
ed  out  with  suction  and  treated  with  dilute  HCl  <1:1).  This  caused  part  of  the  pre¬ 
cipitate  to  dissolve.  The  undlsolved  part  was  filtered  out,  dried,  and  recrystallized 

from  ^^‘^^l^^c^di^flf^^afl^was  precl^ftafeS‘^wlth\”^^^60lution^of  potassium  hyd¬ 
roxide.  The  precipitate  was  filtered  out  and  recrystallized  from  alcohol.  Elong¬ 
ated  aclcular  crystals,  with  a  m.p.  of  l86-l87*  settled  out.  A  test  sample  exhibited 
no  depression  when  mixed  with  N- (phenyl) -K* -(pyridyl-2) -urea.  The  yield  was  1.1  g, 
16.3^  of  the  computed  amount.  .  ’  ’  ,  .  . 


’  •  5.  Reaction  with  6-amlnoqulnollne.  A  mixture  of  5.3  g  of  N,N' -dlphenylurea, 
7,2  g  of  6-aminoqulnoline,  and  I5  g  of  phenol  was  placed  in  a  round-bottomed  flask 
fitted  with  a  reflux  condenser  and  heated  to  I80*  over  an  oil  bath  for  four  hours. 
After  this  heating  the  reaction  mass  consisted  of  an  oily  substance  mixed  with  a 
crystalline  deposit.  The  reaction  mass  was  treated  with  a  solution  of  caustic  sodk 
(6,7  g  NaOH  in  30  ml  of  water)  and  distilled  with  steam.  We  detected  no  aniline  in 
the  distillate,  neither  by  its  outward  appearance  nor  by  its  reaction  with  pit:rlc 
acid.  The  oily  substance  crystallized  during  the  distillation  with  steam.  The 
precipitate  was  filtered  out  with  suction  and,  after  having  been  washed  with  water, 
treated  withlrl  hydrochloric  acid.  Peirt  of  the  substance  dissolved.  The  precip¬ 
itate  (a)  was  filtered  out  and  washed  several  times  with  hot  water.  The  acid  sol¬ 
ution  was  evaporated  to  small  volume  in  a  beaker  over  a  water  bath.  When  the  solu¬ 
tion  cooled  crystals  of  6-aminoquinoline  hydrochloride  settled  out.  Treatment  of 
the  salt  with  an  alkali  solution  yielded  4.6  g  of  a  substance  with  a  m.p.  of  113* ^ 
which  exhibited  no  depression  when  mixed  in  a  test  sample  with  6-aminoquiDollne. 


After  the  precipitate  (a)  had  been  treated  with  hydrochloric  acid,  it  was 
recrystallized  from  alcohol.  M.p.  229-230®.  Weight  4,2  g.  A  test  sample  exhib¬ 
ited  no  depression  when  mixed  with  dlphenylurea. 

^o  other  products  besides  the  6-aminoqulnoline  and  the  dlphenylurea  were  • 
recovered  from  the  reaction  mass. 


6.  Reaction  of  p-nitroanillne  with  N ,N* -dlphenylurea.  5.3  g  of  N,N’-dl- 
phenylurea,  mixed  with  6.8  g  of  p-nitroaniline  and  I5  g  of  phenol,  was  placed  in 
a  round-bottomed  flask  fitted  with  a  reflux  condenser  and  heated  to  18O®  for  4 
hours.  The  reaction  mass,  an  oily  liquid,  was  treated  with  a  solution  of  caustic 
soda  (6.7  g  of  NaOH  in  70  ml  of  water).  An  oily  substance  separated  out,  which 
gradually  crystallized.  The  aqueous  layer  and  the  precipitate  were  treated  separ¬ 
ately  with  steam.  No  aniline  was  found  to  have  been  driven  off  in  either  case. 

The  solid  residue  in  the  distilling  flask  was  a  porous  yellow  mass  that  was  in¬ 
soluble  in  boiling  hydrochloric  acid  or  in  carbon  tetrachloride,  but  dissolved 
readily  in  hot  alcohol,  benzene,  and  ether.  The  substance  was  thoroughly  ex- 
tracced  with  ether.  The  ether  extract  was  desiccated  above  CaCla,  and  the  ether 
was  driven  off.  The  residue,  a  brown  amorphous  mass,  was  fractionally  crystal¬ 
lized  from  aqueous  pyridine.  This  yielded  the  following  substances:  a)  a  substance 
with  a  m.p.  of  I98®  (li^t-yellow  platelets);  b)  a  substrnce  with  a  m.p.  of  204® 
(brown  lamellae);  and  c)  a  substance  that  did  not  fuse  up  to  270®  (a  yellow  amor¬ 
phous  substance). 

.  The  residue,  which  did  not  dissolve  in  ether  (5.8  g),  was  a  yellow-green 
mass  that  fused  at  I87-I89* .  None  of  the  substances  we  secured  corresponded  to 
N,N* -dl-(4-nltrophenyl)-urea  in  their  properties  or  in  their  analysis. 
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S  U  M  M  ARY 


1,  Exchange  reactions  vere  carried  out  between  the  following  pairs  of 
Bubstances;  aniline  +  N,N' -di-(4-methylthiazolyl-2)-urea;  aniline  +  N,N' -di-(pyr- 
idyl-2)-ureaj  £-aminodipropylaniline  +  N,N' -diphenylureaj  p-ara^nodimethylaniline 
+  N,N' -diphenylureaj  p-aminodipropylanlllne  .+  N,N‘ -di-(4-niethylthiazolyl-2)-ureaj 
benzylamine  +  N,N' -diphenylureaj  and  2-aiHlno-4-methylthlazole  +  R,N* -diphenylurea. 

It  was  found  that  all  these  reactions  follow  the  same  pattern;  ^ 

RNHCONHR  +  2R'NH2  ^  ^  R'RHCO^'  +  2RNH2. 

2.  It  has  been  established  that  the  reatlon  of  a-amlnopyridlne  with  R,N'- 
diphenylurea  results  in  the  formation  of  N-phenyl-N* -pyrldylxirea  and  emlllne. 

5.  It  has  been  found  that  neither  the  reaction  between  p-nltroanlllne  and 
N,N' -diphenylurea  nor  the  reaction  between  6-aminoanlllne  and  N,N' -diphenyl  urea 
takes  place  under  the  conditions  under  which  the  reactions  specified  under  Point 
1  above  occur. 

4.  It  has  been  established  that  the  more  pronounced  the  basic  properties 
of  the  amine  entering  into  an  exchange  reaction  with  substituted  ureas,  the  higher 
the.  yields  of  the  newly  formed  substituted  urea. 
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A  DIENE  SYNTHESIS  WITH  HEXADIENE- 2.  4- 


n 

I  i 

II 


n. :  A-  Arbuzov  and  E. ;  G.  Kataev 

Orgftnlo  Chealstry  Laboratory  of  the  A.  M.  Butleror  Institote  of  Cbesical  ROBaaroh. 

V.  I.  DlyanoT-Lenln  State  UnlTerslty  of  KaEan 

In  our  preceding  report  [i]  we  set  forth  data  on  the  diene  synthesis  of 
plperylene  with  acrylic  nitrile,  suad  with  ethylidene  and  henzylidene  malonates 
and  acetoacetates.  We  also  ran  parallel  tests  on  the  addition  of  these  dienophilic 
compounds  to  hexadiene-2,4. 

The  results  of  these  tests  are  reported  in  the  present  paper.  Hexadiene 
Is  a  less  active  diene  than  piperylene,  and  the  yields  of  addition  products  in  ex¬ 
periments  using  it  were  not  high.  Heating  hexadiene  with  acrylic  nitrile  to  120- 
150®  resulted  in  a  yield  of  40^  (in  terms  of  the  acrylic  nitrile)  of  the  nitrile  of 
2,5-dimethyl- ^-cyclohexenecarboxylic-1  acid  (l),  as  a  liquid  with  an  almond  odor 
and  the  following  constants; 

B,p.  82-85®  at  8  mm;  n§°  1.4678;  d|°  O.9292;  MRjj  40.85. 

C9H13N f  .  Computed:  MRjj  40.91. 

Dehydrogenating  the  nitrile  with  bromine,  as  specified  by  Einhorn  and 
Wllstatter  [2],  and  then  exposing  it  to  the  action  of  alkali  yielded  2,5-dimethyl- 
benzolc  acid  with  a  m.p.  of  152®  l^]: 

OT3 

^CH  •  ' 


HC 


^CH 

I 

CH3 


p-CN 

CH2 


-CN 


Brg, 

NaOH' 


COOH 


When  hexadiene  was  reacted  with  ethylidene  malonate  and  the  constituents 
vere  heated  to  170-175** #  go't  the  diethyl  ester  of  2, 5, 6-trimethyl -A^-cyclohex- 
enedlcarboxyllc-1,1  acid  (II),  with  a  yield  of  51^  In  terms  of  the  ethylidene  mal¬ 
onate. 

The  ester's  constants  were; 

B.p.  128-129®  at  5  mm  and  l44-l45®  at  10  mm;  ng°  1.4641;  d|°  I.O562, 

MRj)  71.48;  Ci5H2404r.  Computed;  MRd  72.11. 

Saponifying  the  ester  and  heating  until  no  more  CO2  vas  evolved  yielded 
2>5i6-trimethyl-A^-cyclohexenecarboxyllc-l-acid  with  a  m.p.  of  16O-I68®  at  4  mm. 
The  amide  of  the  acid  had  a  m.p.  of  l85-l84®. 
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Heating  hexadlene  with  ethylidene  malonate  to  I80*  resulted  In  the  formation  of 
the  ethyl  ester  of  2,5,6-trlmethyl-l-acetyl-A^-cyclohexenecarboxyllc-l  acid  (III), 
with  a  yield  of  kQfjo  In  terms  of  the  ethyl  ester: 

B.p.  115-117*  at  4  mmj  ng°  1.4744;  d|°  1.0247.  MRjj  65.59. 

^  •  01412303 r.  Computed;  MRjj  65.85.  x  ■ 

Saponifying  It  with  alcoholic  caustic  potash  enabled  us  to  recover  the 
product  of  the  ketonlc  cleavage,  2,5,6-trlmethyl-l-acetyl-A^-cyclohexene  (IV). 

The  ketone  had  a  b^p^  of  II5-II8*  at  22  mm;  n§°  1.4651,  and  formed  a  seml- 
carbazone  with  a  m.p.  of  165-167*?  ' 


CHa 
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i; 


HC 
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+  C^ 


COCH3 


HC 


CH 

I 

CHa 


|>C00C2H5 

CH-CHa 


COCH3 

COOC2H5 

CHa 


(IV) 


Benzalmalonate  Is  added  to  hexadlene  at  I80® ,  yielding  the  diethyl  ester 
of  2, 5-dlmethyl -6-phenyl -A^-cyclohexenedlcarboxylic-i,l  acid  (V)  with  a  yield  of 
30^6.  : 


The  ester  is  a  thick  liquid  with  the  following  constants; 

B.p.  176-180“  at  4  mm;  n§°  1.5231;  1.0945.  MRd  91.62. 

C20H26O4  F  4 .  Computed ;  MRd  92.25. 

CHa 

^C00C2H5 

COOC2H5  • 

'SjX-CsHs 

CHa 


(V) 


1^: 


CHa 

COCH3 
‘COOC2H5 

CH3 


rri 


(VI) 


Under  the  same  conditions,  the  reaction  of  benzal  acetoacetate  with  hexadiene  pro¬ 
duced  a  yield  of  40^  of  the  ethyl  ester  of  2,5-dlmethyl-6-phenyl-l-acetyl-A37cyclo- 
hexenecarboxylic-1  acid  (Vl),  of  which  were  as  follows: 

B.p.  165-165“  at  5mm;  ng°  1.5309?  d|°  I.O866.  MRd  85.52. 

C18H24O3  p-4.  Computed:  MRd  85.54. 

:  EXPERIMENTAL 

The  hexadiene  used  in  the  diene-synthesis  reactions  [4]  had  a  b.p.  of  78- 

85*;  n^^  1.4495;  d|o  0.7576.  .  ,  V  . 

1.  Condensing  Hexadlene-2,4  With  Acrylic  Nitrile. 

50  g  of  hexadlene,  I8  g  of  acrylic  nitrile,  and  0.1  g  of  hydroquinone  were 
heated  in  sealed  tubes  to  120-150“  for  12  hours.  After  the  unreacted  hexadiene  and 
acrylic  nitrile  had  been  driven  off,  we  secured  18  g  (40^,  based  on  the  acrylic 
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nitrile)  of  2,5-diinethyl-A^-cyclohexenecarboxyllc  acid: 

B.p.  82-85"  at  8  mmj  n^g  1.4678;  d|°  0.9202;  MRg  40.83. 

CgHisN  Computed:  MRj)  40.91. 

An  oily  liquid  with  the  odor  of  almonds. 

0.1105  g  suh stance 0.3235  g  CO2;  0.0955  S  HgO’,  ^ 

•  Found  C  79.79}  H.9.67..  ' 

CsHiaN.  Computed  C  79-95;  H  9.69.  ... 

■  Dehydrogenating  and  saponifying  the  nitrile. ^  Accurately  computed  quanti¬ 
ties  of  the  nitrile  (l7l  g)  and  of  bromine  (2.5  g) were  heated  to  200®  for  2  hours 
In  a  sealed  tube.  The  contents  of  the  tube  were  boiled  with  5  g  of  caustic  soda, 

5  ml  of  water,  and  5  ml  of  alcohol  for  I8  hours.  After  the  alcohol  had  been  . 
driven  off,  the  solution  was  diluted  with  water  and  boiled  with  activated  char¬ 
coal,  after  which  it  was  acidulated  with  hydrochloric  acid  (l:l).  The  white  pre¬ 
cipitate  that  was  thrown  down  was  dried;  after  sublimation  it-  yielded  crystals 
with  a  m.p.  of  132®,  which  agrees  with  the  figures  given  in  the  literature  [3] 
for  2,5-dimethylbenzoic  acid. 

2.  Condensing  Hexadiene  with  Ethylidene  Malonate 

25  g  of  ethylidene  malonate,  17  g  of  hexadiene,  and  0.2  g  of  hydroqulnone 
were  heated  to  I7O-I75®  for  I3  hours  in  sealed  tubes.  The  unreacted  original  sub¬ 
stances,  the  dimer,  and  the  tar  were  separated  by  means  of  repeated  vacuum  distil¬ 
lation.  This  yielded  11.2  g  (31^^'^  based  on  the  ethylidene  malonate)  'of  the  diethyl 
ester  of  2,5^6-trlmethyl-A^-cyclohexene-l,l-dicarboxylic  acid: 

B.p.  128-129®  at  5  mm  and  l44-l45“  at  10  mm;  ng°  1.4641;  d|°  I.O362. 

MR]q  71.48.  C15H24O4F.  Computed:  MRj;  72.11. 

A  colorless,  viscous  liquid  with  a  slight  turpentine  odor. 

0.3590  g  substance:  O.88OI  g  CO2;  0.2877  g  H2O. 

Found  C  66.86;  H  8.97. 

C15H24O4.  Computed  C  67.13;  H  9.01. 

\ 

Saponifying  the  addition  product.  4  g  of  the  addition^  product  was  dis¬ 
solved  in  10  ml  of  25^  alcoholic  caustic  potash  and  then  heated  for  7  hours  over 
a  boiling  water  bath.  The  solution  was  diluted  with  water,  acidulated  with  dilute 
sulfuric  acid,  and  extracted  with  ether.  After  the  ether  had  been  driven  off,'  we 
.-ad  left  a  thick,  noncrystallizing  syrup  (probably  a  mixture  of  the  dl-  and  mono- 
carboxylic  acids),  which  was  heated  to  I80®  over  an  oil  bath'until  no  more  CO2  was 
liberated.  Distillation  of  the  residue  at  I6O-I68®  (4  mm)  yielded  2.1  jg  of  2,5^6- 
^inethyl-A^-cyclohexene-l-carboxylic  acid,  as  a  viscous,  noncrystallizing  syrup, 
^is  yielded  the  amide:  white  silky  needles  (from  dilute  methanol)  with  a  b.p.  of 

IB3-184®.  . 

'O.I38O  g  substance:  0.3646  g  CO2;  O.1276  g  H2O. 

.  Found  C  72.05;  H  10.34. 

C10H17ON.  Computed  C  71-81;  H  10. 25. 

. 3.  Condensing  Hexadiene  with  Ethylidene  Acetoacetate 

■  (jm  ®  ethylidene  acetoacetate,  12  g  of  hexadiene,.  and  0.1  g  of  hydro- 

^^-aone  were  heated  to  180®  for  18  hours  in  sealed  tubes.  Repeated  vacuum  distil- 
9.8  g  (40^)  of  the  ethyl  ester  of  2,5,6-trimethyl-l-acetyl-A^-cyclo- 
ne-i_carboxylic  acid: 

B.p.  115-117“  at  4  mm;  n§°  1.4744;  .d|°  1.0247;  MR^  65.59.  • 

,  C14H22O3P.  Computed:  MRp  65,85.  . 

'  colorless,  oily  liquid  with  the  odor  of  turpentine. 
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•  0.1535  E  Bubotancet  0.54U0  g  CO2J  0,1120  g  HgO. 

Found  ioi  C  70.2OJ  H  9-59. 

C14H22O3.  Computed  C  70.59)  H  9*50» 

Saponification  of  4  g  of  the  addition  product  was  effected  by  heating  It 
with  10  ml  of  a  25^  alcoholic  solution  of  caustic  potash  for  5  hours  over  a  boil¬ 
ing  water  bath.  The  oily  liquid  that  separated  out  when  the  reaction  mixture  was 
diluted  with  water  was  extracted  with  ether.  Driving  off  the  ether  and  vacuum 
distillation  of  the  residue  yielded  I.5  g  (55^)  of  2,5,6-trimethyl-l-acetyl-A^- 
cyclohexene  with  a  b.p,  of  115-118“  at  22  mm;  ng°  I.465I.  The  semlcorbazone,  pre¬ 
pared  by  the. Zelinsky  method,  was  recrystallized  from  metheuaol)  Its  m.p.  was  I65- 
167\  .  •  .  ‘  . 

*  ’  0,1056  g  substance;  0.2456  g  CO2J  O.O876  g  H2O. 

-  ^  Found  C'64.65)  H  9*46.  •  .  *' 

C12H21ON3 ,  Computed  C  64. 54^)  H  9*48. 

4‘.  Condensing  Hexadlene  with  Benzal  Acetoacetate 

12  g  of  benzal  acetoacetate,  8  g  of  hexadlene,  and  0.1  g  of  hydroquinone 
were  heated  to  l80“  for  20  hours  in  a  sealed  tube.  This  yielded  6.5  g  (^0^^  based 
on  the  benzal  acetoacetate)  of  the  ethyl  ester  of  2,5-dlmethyl-6-phenyl-l-acetvl- 
-A^-cyclohexene-l-carboxylic  acid:  B.p.  165-165“  at  3  mni;  n^®  1.5309;  I.O806. 

MRd  85.52.  Ci9H2403r4.  Computed:  MR])  85.34.  A  thick  syrup  with  high  refracting 

power,  .  "  ' 

0.1038  g  substance:  28.76  g.COa;  0.0736  g  H2O. 

Found  C  75.57;  H  7.93. 

C19H24O3.  Computed  %:  C  75.97;  H  8.O5. 

5,  Condensing  Hexadlene  with  Benzal  Malonate 

25  g  of  benzal  malonate,  16  g  of  hexadlene,  and  0.1  g  of  hydroquinone  were 
heated  to  l80“  in  sealed  tubes  for  12  hours.  Repeated  distillation  succeeded  in 
isolating  9.8  g  (30^,  based  on  the  benzal  malonate)  of  the  diethyl  ester  of  2,5- 
dlmethyl -6-phenyl -A^ -cyclohexene-1, 1-dlcarboxylic  acid: 

b.p.  176-180“  at  4  mm;  ng°  I.523I;  d|°  1.0945;  MRq  91.62. 

C20H26O4  ^4*  Computed:  MRd  92.23. 

•  A  thick  oil  with  a  high  refractive  index.  ‘  ,  •  ■  "  ^ 

.  0,1644  g  substance;  O.4363  g  CO2)  O.II59  g  H2O. 

Found  C  72.38;  H  7.89. 

C20H26O4.  Computed  jl>:  C  72.70;  H  7*93. 

SUMMARY  .  .  ■  V 

1.  The  addition  products  of  the  diene  synthesis  with  hexadlene  of  acrylic 
nitrile,  ethylldene  malonate  and  acetoacetate,  and  benzylldene  malonate  and  aceto¬ 
acetate  have  been  synthesized. 

2,  It  has  been  shown  that  hexadlene -2, 4  is  a  less  active  diene  in  a  diene 
synthesis  that  is  plperylldene. 
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THE  SIGNIFICANCE  OP  THE  STRUCTURE  AND  POLARITY  OP  SULPANILAMIDES' 
FOR  THEIR  BACTERIOSTATIC  ACTIVITY 

V.  THE  RELATIONSHIP  BETWEEN  THE  STRUCTURE  AND  THE. BACTERIOSTATIC  ACTIVITY 

OP  SULFANILAMIDE  COMPOUNDS 

B.  G.  .Boldyrev  and  I.  Ya, ;  Postovsky 

Laboratory  of  Organic  Chenlstry.*  6.  H.  Klror  Urals  Polytechnic  Institute 


In  the  preceding  paper  of  this  series  [i],  Z.V.Pushkareva  and  Z.Yu.Kokoshko 
demonstrated  the  importance  of  certain  so-called  polar  resonance  structures  of 
sulfanilamide  compounds  (l)  for  their  bacteriostatic  activity  in  vitro.  The  auth¬ 
ors  attach  special  Importance  to  "paraquinoid  resonance  structures"  (la)  with 
quadrivalent,  positively  charged  atoms  of  nitrogen  in  an  amino  group  arranged  in 
a  plane. 


NH2 


SOgNHR 


(I) 


6 


T 

6.9  A 


0  NHR  0 - 


<-2.4  A-^ 
-  (la) 


We  assume  that  the  term  "paraquinoid  resonance  structure"  has  a  physical 
meeuiing  only  when  interpreted  as  follows;  when  the  benzene  molecule  has  a  NH2 
substituent  in  it,  the  molecule  is  polarized,  with  the  electron  density  Increase 
at  the  ortho  and,  para  positions.  When  the  benzene  molecule  contains  a  SO2NH2 
group,  the  polarization  of  the  molecule  results  in  a  decrease  in  the  electron 
density  at  those  positions. 

When  both  of  these  substituents  are  introduced  into  the  benzene  molecule 
simultaneously  at  the  para  position,  the  polarization  of  the  molecule  also  in¬ 
creases  from  I  to  la  at  the  expense  of  the  reciprocal  influence  of  the  substituents 
on  each  other.  This  is  borne  out  by  measurements  of  the  dipole  moment  of  sulfan¬ 
ilamide  [7].  The  addition  of  the  group  R  to  the  sulf amide  group  of  sulfanilamide 
Increases  or  diminishes  the  total  polarization  of  the  molecule,  depending  upon 
the  nature  of  R. 

Z.V.Pushkareva  and  Z.  yu..Koko6hko  chose  as  the  numerical  values  character¬ 
izing  this  polarization  of  the  sulfanilamides  the  portion  of  the  total  mesomerism 
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- -^  adfcw«maLT?s^'?acn^^ 


energy  of  theoe  compounds  that  Is  manifested  only  when  hoth  substituents  are  In¬ 
troduced  Into  the  benzene  molecule  simultaneously.  They  defined  this  portion  of 
the  mesomerlsm  energy  as  the  energy  of  the  para  link  of  the  substituents  and 
called  It  the  ■excess  resonance  energy"  . 

In  the  conclusions  of  their  paper,  the  authors  conclude  that  It  Is  this 
polarization  of  the  sulfanllamldes  that  determines  their  relation  to  the  struc¬ 
turally  related  p-amlnobenzolc  acid  (ll).  The  latter  Is  an  Indispensable  growth 
substance,  a  vitamin,  for  bacteria,  whereas  the  sulfanllamldes  are  regarded  as 
growth -Inhibitors,  as  antlvltamlns  [3],  which  compete,  we  may  assume,  with  the 
£-amlnobenzolc  acid  for  possession  of  certain  sections  of  the  substrate  in  the 
complex  process  of  formation  of  bacterial  ferment  systems. 

,  I 

We  assume'  that  the  specific  polarity  of  both  partners  -  the  vitamin  and 
the  antivltamln  -  actually  plays  a  certain  part  in  this  competition,  but  that  the 
similarity  In  the  dimensions  and  forms  of  the  molecules  of  these  compounds  is 
decisive. 

,  / 

It  is  conceivable  that  even  when  the  structural  dlagiAam  of  the  sulfeuall- 
amides  is  distorted,  as,  say,  in  the  naphthalene  sulfamides  (ill),  their  mole¬ 
cules  will  be  considerably  polarized  Into  paraqulnoid  structures  (Ilia),  as 
was  the  case  with  the  sulfanllamldes  (I  and  la).  This  type  of  polarization  is 
reinforced  by  the  mesomeric  effect  of  the  second  naphthalene  ring. 


When  such  sulfamides  compete  with  £-aminobenzoic  acid,  it  ought  to  be 
harder  for  them  to  "fit  into  the  matri^tf' occupied  by  the  £-aminobenzolc  acid  in 
the  albumen  substrate  during  the  formation  of  the  growth  ferments,  and  hence 
they  cannot  exhibit  bacteriostatic  activity  even  when  their  molecules  are  highly 
polarized  Into  paraqulnoid  structures. 

To  check  the  correctness  of  these  hypotheses,  which  are  of  fundamental  Im¬ 
portance  to  the  theory  of  the  links  between  the  structure  and  the  bacteriostatic 
activity  of  the  sulfanllamldes,  we  synthesized  several  naphthalene  analogs  of 
the  active  sulfanllamldes  (Table  1,  Nos.  2,  k,  6,  and  8)  and.  investigated  their, 
bacteriostatic  activity.  We  also  determined  the  mesomerlsm  energy  of  the  com¬ 
pounds  2,  4,  and  8  from  the  heats  of  combustion  of  these  compounds. 

By  experimentally  determining  the  heats  of  combustion  of  the  sulfamides 
2,4,  and  8  (Table  l),  and  computing  their  molecular  heats  of  combustion  (W)',  heats 
of  formation  (q),  and  energies  of  formation  (Eform.),  ^e  then  found  the  energies 
of  the  para  bonds  (Ep.-bond)#  from  which  the  mesomeric  effect  of  the  naphthalene 
ring  Itself  is  excluded.  Theoe  energies  thus  define  the  mesomeric  effect  produced 
by  the  simultaneous  presence  of  both  substituents  at  the  para  position. 

/  \  /° 

\  )C=S- — ^NHR 

Such  a  method  of  measuring  and  computing  energies  had  already  been  pro¬ 
posed  by  Z.V.Pushkaxeva  and  Z.  Yu.  Kokoshko  [i]  and  employed  by  us  for  determining 
the  so-called  "excess  resonance  energy"  of  the  sulfanllamldes.  This  enabled  us 
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■  ‘  TABLE  1 

AmlnoBulfomldeB  of  the  Naphthalene  Series 


O2NHR' 


O 

jD 


R2 

melting 

point 

Per  cent 
Computed 

:  nitrogen 
Found 

-COCH3 

247-248* 

10.61 

10.56,  10.75 

-H 

•  212-215 

12.61 

12.64,  12.81 

-COCH3 

275-276 

12,52 

12.58,  12.52 

-H 

251-253 

14.04 

14.06,  15.99 

-COCBs 


275*^274 


250-252 


12.10  12.04,  12.15 


15.77  13.68,  15.79 


“■SO2NH2 

■^^-SOsNHa 


-COCHa 


252-255 


8.95  8.91,  9.10 


9.85  9.73,  9.80 


ed 


to  compare  our  results  vlth  those  obtained  by  the  above-mentioned  authors  (Table 

3).  •  ,  , 

This  method  required  the  determination  of  the  mesomerism  energies  of  "de¬ 
amidized'*  sulfamides  (IV),  for  which  we  synthesized  the  respective  substances, 
listed  in  Table  2.  We  also  measured  the  experimental  heats  of  combustion  of  these 
substances  and  computed  their  heats  of  formation,  energies  of  formation,  and  meso¬ 
merism  energy. 

Tests  of  the  antibacterial  action  of  the  naphthalene  sulfeunides  in  vitro 
indicated  that  they  possessed  almost  no  activity  toward  streptococci  and  staphyl- 
occi.  This  was  true  even  of  the  analogs  of  sulfapyrldine  and  sulfathlazole,  while 
testing  them  in  vivo  on  a  typhoid  fever  culture,  Ty2l205,  a  dysentery  culture 
Flex.  644,  and  a  brucellosis  culture  of  Br.  suis  yielded  the  same  results.^  This 
agrees  with  data  cited  by  Y.G.Drobotko  and  associates  [4]  for  their  tests  of  naphth- 
onamlde  on  brucellosis. 

These  results  confirmed  our  concepts  on  the  significance  of  the  structural 
outline  of  the  sulfanilamide s  for  their  antibacterial  activity;  despite  the  con¬ 
siderable  magnitude  of  the  para-bond  energies  of  these  compounds,  vrtilch  are  very 
close  to  the  euialogous  values  for  the  sulfanilamides  (l)  (Table  5)#  these  compounds 
possess  little  antibacterial  activity. 

Thus,  the  slight  antibacterial  activity  of  the  naphthalene  sulfamides  is 

Wo  wish  to  express  ojr  gratitude  to  Prof.  A.  I.  Fines  (All-Onicn  Research  Institute  of  Pharsaceutlcal 
Qicmlstry,  .^ss'siant  I.D.  Zherebtso;  ^S/erdlt-vsk  Institute  oi  i'edlclnejt  and  Scientific  Worker  S^hnedieaian 
(Sverdl^i-sk  Innctcute  of  Mic  rol)ioli-cry  aiid  rjpidt'.T  olcgy)  for  havlie  tested  the  activity  of  the  suliaaldes. 


TABLE  2 


Naphthalene  Sulfaaldee 


jD 


d  n  —SOaNHg 


TABI£  3 


r  T 


SO2NHR  (iv) 


Per  cent 

nitrogen 

Computed 

Experimental 

,6.76 

6.97 

■9.85 

9.85  10.07 

C 

6.60 

6.41,  6.78 

Comparison  of  the  Para-Bond  Energies  of  Some  Sulfanllamldes  and  Their 

Naphthalene  Analogs 


General  sulfamlde  formula 


Para-Bond  Energies  in  Cal/ mol  for  R  = 


-o  -SOaNHp 

“vy  ^"“SOaNHa 


SO2NHR 


SO2NHR 


combined  with  high  specific  polarity  of  their  molecules,  vhlch  is  so  fundamental 
in  the  series  of  the  active  benzene  analogs.  This  bears  out  the  supposition  ad¬ 
vanced  at  the  outsets  that  the  high  bacteriostatic  activity  of  the  sulfanllamldes, 
as  the  result  of  their  competition  with  £-amlnobenzoic  acid,  is  not  the  result  solely 
of  a  certain  nature  of  the  polarity  of  sulfanilamide  molecules  or  solely  of  the 
resemblance  of  their  structural  outline  to  that  of  £-aminobenzolc  acid,  but  depends 
upon  the  conjxmction  of  these  properties,  which  we  propose  to  term  henceforth  the 
'taolecular  architecture,”  in  which  the  dimensions  and  the  forms  of  the  molecules 
themselves  play  an  especially  Important  part. 

experimental 

1.  Synthesis  of  naphthalenlc  sulf amides.  The  sulf amides  of  the  naphthalene 

series,  listed  in  Table  1,  ai*e  not  described  in  the  literature,  except  for  the 


GlinplCGt  oneo,  which  have  no  N» -substituent  (Nob.  1  and  2).  We  prepared  the  amide 
of  naphthlonic  add  (2)  by  the  method  described  by  Goldyrev  and  Postovsky  [s], 
with  this  sole  difference;  that  the  acid  chloride  of  acetylnaphthionlc  acid  was 
amldated  with  25^  aqueous  ammonia  at  50-60“  for  half  an  hour  Instead'  of  with 
gaseous  ammonia. 

The  N-substituted  naphthlonamldes  were  prepared  by  methods  resembling 
those  employed  for  the  syntheses  of  the  sulfanllamldes:  condensing  the  acid  chlor¬ 
ide  of  acetylnaphthionlc  acid  with  the  corresponding  amides  In  pyridine,  and  then 
saponifying  the  product  with  a  5^  solution  of  caustic  soda.  Using  more  highly 
concentrated  alkali  solutions  results  In  the  saponification  of  the  condensation 
products  at  their  sulf amide  group. 

The  "deaminated"  sulfamldes  listed  In  Table  5  were  synthesized  similarly, 
starting  with  pure  a-naphthalenesulfonic  acid.  Here,  too,  only  the  simplest 
representative  of  this  group,  a-naphthylsulf amide,  has  been  described  In  the  lit¬ 
erature  . 

2.  Determining  the  heats  of  combustion  and  computing  the  mesomerlsm  ener¬ 
gies  of  the  naphthalene  sulfamldes.  The  mesomerlsm  energies  of  the  naphthalene 
sulfamldes  were  computed'by  comparing  the  energies  of  formation  of  the  molecules 
of  their  atomic  gases  with  the  aggregate  energy  of  the  covalent  bonds  contained 
In  the  molecule.  The  heats  of  combustion  of  the  sulfamldes,  measured  experiment¬ 
ally  by  burning  the  sulfamldes  in  a  platiniim  bomb  calorimeter  of  ordinary  design 
under  standard  conditions  at  17.5-l8*5“^  served  as  the  initial  data  for  our  cal¬ 
culations  of  the  energies  of  formation.  The  heat  of  combustion  was  taken  as  the 
mean  of  the  results  of  ^-5  parallel  firings,  with  their  results  differing  by  from 
1  to  12  cal  per  gram  of  substance.  As  the  mean  values  of  the  heats  of  combustion 
of  the  sulfamldes  range  from  55^0  bo  5700  cal/gram,  the  error  involved  is  +0.02- 
0.11^. 

The  experimental  values  of  the  energies  of  formation  were  measured  in 
the  usual  manner,  the  following  values  being  taken  for  the  heats  of  formation 
of  gaseous  molecules  consisting  of  gaseous  atoms:  H2  -  102.6;  O2  ”  117*5;  and 
N2  —  170.2,  while  the  heat  of  sublimation  of  a  diamond  was  taken  as  I25  [®1.  In 
our  subsequent  computations,  we  employed  the  values  given  by  Ya.K.Syrkih  [e]  for 
the  energies  of  the  various  bonds  and  groups.  The  energy  of  the  mesomerlc  effect, 
which  occurs  because  of  the  redistribution  of  the  electrons  along  the  lines  of 
the  ultimate  polar  paraquinoid  structure  and  at  the  expense  of  the  electron  in¬ 
teraction  of  the  para  substituents,  previously  proposed  by  Pushkareva  and 
Kokoshko  as  a  characteristic  of  the  antibacterial  activity  of  the  sulfanllamldes, 
was  the  principal  object  of  our  measurements  and  computations  (Table  4). 

^The  method  of  determing  the  para-bond  energies’**  ^^p-bond^  based  on 
the  joint  examination  of  three  types  of  molecules: 

09 

SO2NH2 

"Naphthionamide”  ^DeEimluated  naphthionamide"  a-Naphthalenesulfamide.  . 

(n.a.)  *  (de,  n,  a)  .  (n.  s.a.) 

The  energies  of  the  mesomerlc  effect  0^)  of  the  N-substituent  on  the 
sulfamlde  group  in  the  deaminated  sulfamide  were  calculated  from  Equation  (l): 

^m.e.S02NHR  ""  ^form.  de.n.a.  ^form.  n.s.a.  ^form.R  C— H 

Cf  the  paper  by  Pushkareva  aod  Rckoshko  [‘Jfar  a  detailed  explanation  of  the  nethod  of  compatlng  excess 
resonance  energies. 


\ 

TABLE  4 


.Para-Bond  Energies  of  Sulfamldes  of  the  Naphthalene  Series  and  Experimental 
Data  for  Computing  Them 


while  the  para -bond  energies  were  calculated  from  Equation  (2): 


^p-bond  *  ^form.  n,a.  ^fom.  de,  n.  a.  ^C-NHa  ^  ^C-H 

from  a-naphthylamlne 

■  SUMMARY 

1.  A  number  of  naphthalene  analogs  of  active  sulfanllamldes  (Table  l)  and 
the  corresponding  deamlnated  compounds  (Table  3)  have  been  synthesized  for  a  study 
of  the  significance  of  the  structure  and  the  polarity  of  the  sulfanllamldes  for 
their  bacteriostatic  activity. 

2.  The  heats  of  combustion  of  these  substances  have  been  measured,  their 
heats  of  formation  and  their  energies  of  formation  have  been  computed,  and  the 
para-bond  energies  that  are  characteristic  of  the  polarization  of  these  molecules 
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toward  a  limiting  polar  paraqulnoid  atructure  (ill  Ilia)  have  also  been  de¬ 
termined.  ‘  • 

3.  It  haa  been  found  that  theoe  energies  of  the  naphthalene  sulf amides 
are  very  close  to  those  of  the  analogous  active  sulfamldes  (Table  2). 

4.  Determination  of  the  antibacterial  action  of  sulfaraides  of  the  naphtha 

lene  series  in  vitro  and  in  vivo  have  disclosed  their  Inactivity  toveurd  various 
kinds  of  bacteria.  ' 

5.  The  hypothesis  is  advanced  that  polarization  along  the  lines  of  para- 
qulnold  structures  is  a  necessary,  though  not  sufficient,  condition  for  the 
manifestation  of  antibacterial  activity  by  the  sulfanilamldes. 

The  results  of  the  present  research  Indicate  -that  the  high  badteriostatlc 
activity  of  the  sulfanilamldes,  as  the  result  of  their  competition  with  p-amino- 
benzolc  acid,  is  not  due  solely  to  the  specific  nature  of  the  polarity  of  sulf¬ 
anilamide  molecules  or  solely  to  the  resemblance  of  their  structural  diagram  to 
that  of  para  aminobenzolc  acid,  but  depends,  rather,  on  the  conjunction  of  these 
properties,  i.e,,  on  the  "molecular  architecture"  of  the  sulfanilamldes,  the 
resemblance  of  the  dimensions  and  forms  of  their  molecules  being  particularly 
Important . 
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